Proeven van (on)zekerheid: diagnostisch onderzoek over 'pijn op de borst' in de huisartspraktijk by Bruyninckx, Rudi
Katholieke Universiteit Leuven
Group Biomedical Sciences
Faculty of Medicine
Departement of Public Health
Academic Centre of General Practice
The proof of (un)certainty: diagnostic research on 
Rudi Bruyninckx
Promotor: Prof. B. Aertgeerts
Co-Promotor: Prof. F. Buntinx
Voorzitter: Prof. B. Nemery de Bellevaux
Secretaris: Prof. P. De Cort
Juryleden: Prof. A. Desutter, Prof. GJ. Dinant, Prof. P. Donceel, Prof. D. Knockaert, Prof. P. Mols
Doctoral thesis in Medical Sciences
Leuven, 9 december 2010
‘chest pain’ in a GP setting
ISBN-NUMMER: 9789075828252
Lay-out en foto cover: Sarah Bruyninckx
22
  
 
 
Table of contents 
 
 
Introduction   5 
1. The accuracy of signs and symptoms  19 
2. Other reasons for referring or not referring patients  37 
3. Certainty of diagnosis and referral rate  47 
4. The mortality and referral rate  57 
5. The transport type and referral rate  65 
6. The distribution of diseases probabilities after multiple testing  
and the effect of modifying (i.e. lowering) the threshold  71 
Discussion 93 
Summary 111 
Samenvatting 123 
Curriculum Vitae 135 
3
21
9
51
61
9
7
9
119
131
143
3

#(&$)($#
45

(FE8:H?4E?L;4I8GB7<4:ABF8F8E<BHF4A7FB@8G<@8F94G4?7<F84F8F	+H6;7<F84F8FB66HE
<A9E8DH8AG?L4A7(FF88G;8@4G4A84E?LFG4:8J;8AG;8F<:AF4A7FL@CGB@F4E8ABG4?J4LFG;4G
6?84E	?4FF<64?8K4@C?8FB9FH6;F<GH4G<BAF4E8 84E?LF<:AFB9@4?<:A4A6<8F4A7F8E<BHF7<F84F8F<A
6;<?7E8A	 (EB@CG7<4:ABF<F<F<@CBEG4AG5864HF84546G8E<4?@8A<A:<G<F64AE8FH?G<A784G;J<G;<A
;BHEF4A74AHAJ4EE4AG8778?4L<A7<4:ABF<FB9@4?<:A4A6L64AE8FH?G<AG;8A8879BE@BE8
<AI4F<I8G;8E4CLBE8I8A<A6E84F87@BEG4?<GL	'A8B9G;87<99<6H?GF<:AFGB;4A7?8J<G;<A:8A8E4?
CE46G<68<F6;8FGC4<A	,B:8G;8EJ<G;BG;8EFL@CGB@FC4<AE47<4G<A:GB4E@BEF;BH?78E
7<4C;BE8F<FBCCE8FF<BAC4?8A8FF			6;8FGC4<A6BH?7?847GBG;87<4:ABF<FB9 4A46HG8
@LB64E7<4?<A94E6G<BA%!BE4A46HG86BEBA4ELFLA7EB@8+	?G;BH:;4A%!CE8F8AGF
<GF8?9<A@4AL7<998E8AGJ4LF6;8FGC4<A64A4?FB584F<:AB9@4ALBG;8E7<FBE78EFJ;<6;64A
8<G;8E5874A:8EBHF84FLGB6HE8BEF8?9?<@<G<A:	
?BGB9 E8F84E6;;4F588A7BA8BAF<:AF4A7FL@CGB@F6BA68EA<A:%!BE+<A
7<998E8AGF8GG<A:F	 +GH7<8FJ<G;<A:8A8E4?CE46G<68;BJ8I8E4E8E4E8	 I8ELC;LF<6<4A
6BA9EBAG87J<G;4C4G<8AGJ<G;6;8FGC4<A;4FGB786<78BAJ;4G46G<BA64A58G4>8A	,;<F46G<BA
6BH?758C8E9BE@<A:7<4:ABFG<6G8FGF;<FGBELG4><A:C;LF<64?8K4@<A4G<BA5?BB7G8FGF@87<64?
<@4:<A:			FG4EG<A:GE84G@8AG@87<64G<BAC;LF<BG;8E4CLCFL6;BG;8E4CL			E898EE<A:G;8
C4G<8AGJ4G6;9H??LJ4<G<A:BEE84FFHE<A:G;8C4G<8AG	,;86;B<68B946G<BA78C8A7FBA;BJ
74A:8EBHFBE46HG8G;87<F84F8<F;BJ68EG4<AG;86?<A<6<4A988?F45BHGG;87<4:ABF<F4A7;BJ5<:
G;85HE78A<F9BEG;8C4G<8AG	
,B@4>84JBE><A:7<4:ABF<FB94C4G<8AGCE8F8AG<A:J<G;6;8FGC4<A<FG;89<EFGFG8C<AG;8
6?<A<64?786<F<BA@4><A:CEB68FF	-A68EG4<AGL45BHG47<4:ABF<F<F<A;8E8AGGBG;<F6?<A<64?CEB68FF	
,;8 $")*-.$/,2 B94G8FG<F4A<@CBEG4AG<FFH8J<G;<AG;8786<F<BA@4><A:CEB68FF
5864HF846?<A<64?=H7:8@8AG<F54F87HCBAG;8466HE46LB94 6B@5<A4G<BAB97<998E8AGG8FGF
C8E9BE@87<A4FC86<9<6F8DH8A68C;LF<64?8K4@<A4G<BA5?BB7G8FGF@87<64?<@4:<A:				
'HE>ABJ?87:845BHG7<4:ABFG<6G;<A><A:<FFGEBA:?L5HGBA?LC4EG<4??LE8?4G87GBG;8
;LCBG;8G<6B787H6G<I8@8G;B754F87BA4L8FP G;8BE8@	 F?FG8<A6BA6?H787OI8A<9BHE
>ABJ?87:8J4F6B@C?8G84A7BHE<A98E8A68CEB68FF8FJ8E8C8E986G6?<A<64?8I<78A68<FABG	
6
7
(4G<8AGF@4LABGG8??8AG<E8?L466HE4G8;<FGBE<8FC;LF<64?9<A7<A:F7BABGC8E986G?L7<FG<A:H<F;
58GJ88A7<F84F874A7ABA7<F84F874A7G;8F8AF<G<I<GL4A7FC86<9<6<GLB98I8EL7<4:ABFG<6G8FG<F
GLC<64??L58?BJ	P	
 .3--&'$)$$)1#..# +,*$'$.2*! $)"$''$-!*,+.$ ).1#*"* -.*# &
/+)./,) */.+*-$.$0 *)		- )-$.$0 )-+ $!$. -. &)*1$)".#.*)'2*!.# 
+*+/'.$*)$-!! . 2.#$-$- - *-.1$''$)./$.$0 '2-2.#..# #) $-		/..# 
*,, .)-1 ,$-./''223
7@<GG<A:G;4G<4@BA74A7BEE8FG8E@4784I8EL<AG8E8FG<A:4EG<6?8BA;BJG;8 7<F84F8
CBFF<5<?<GL B96BEBA4EL7<F84F8J4F64?6H?4G87HF<A:4:8:8A78E4A:<A4GLC8ABA84GLC<64?BE
GLC<64?4A7G;8E8FH?GFB9G;8FGE8FFG8FG<AE84?<GLG;87<F84F8CBFF<5<?<GL<FHFH4??L8FG<@4G874F4
CEB545<?<GL64G8:BEL54F87BA8KC8E<8A68BE>ABJ?87:8	 ,;8CEB5?8@<FG;4GG;BF864G8:BE<8F
FH6;4FI8ELFHE8FHE8CBFF<5?8E4G;8E<@CBFF<5?84E8ABGJ8??789<A874A7846;C;LF<6<4ABE
C4G<8AG;4F;<FBJA<AG8ECE8G4G<BAB9G;864G8:BE<8F	ABG;8ECEB5?8@<FG;4GG;8G8FG466HE46L<F
<A9?H8A6875LG;8F8GG<A:G8FG466HE46<8F<AI8FG<:4G87<A4HA<I8EF<GL;BFC<G4?4E8ABGG;8F4@84F
<AG;8(FPB99<687H8GBG;889986GFB9F8?86G<BA5LE898EE4?78C8A7<A:BAG;8E8FH?GFB9CE8I<BHF
G8FGF	
?G;BH:;G;8JBE><A:7<4:ABF<F<FG;89<EFG4A7I8EL<@CBEG4AGFG8C<AG;8786<F<BA@4><A:
CEB68FF@BE8<@CBEG4AG4E8G;86BAF8DH8A68FG;<FJBE><A:7<4:ABF<F;4FBAG;8CEB:ABF<FB94
C4G<8AG4FG;<FCEB:ABF<F<F78G8E@<A875LG;8 , -/'.-*!.# .$*)- G;4G4E8BE4E8ABG64EE<87BHG	
<EFGB94??4A46G<BA<FFHCCBF87GB;4I8458A89<G9BEG;87<F84F87CBCH?4G<BA:EBHC	,;858A89<G
6BH?7586HE8?8FF@BE5<7<GL?BA:8EFHEI<I4?58GG8EDH4?<GLB9?<98	'AG;8BG;8E;4A78I8EL
46G<BA;4F46BFG9BEG;8ABA7<F84F87CBCH?4G<BA:EBHC?<>8F<7889986GFB9G;8GE84G@8AG4A7
9<A4A6<4?6BFGF	
66BE7<A:GBG;8 .#, -#*'.# *,2 B9(4H>8E4A7#4FF<E8ECH5?<F;87<AG;846G<BA
G;E8F;B?7<FG;87<F84F8CEB545<?<GLJ;8E8G;8786<F<BAB9ABAGE84G@8AG6;4A:8F<AGBGE84G@8AG	
GG;<FC<IBG4?CB<AGG;8GBG4?58A89<GF 9BEG;87<F84F87CBCH?4G<BA8DH4?<F8G;8GBG4?6BFGFB9G;8
 (E8G8FGB77FCBF<G<I8?<>8?<;BB7E4G<B$*F8AF<G<I<GL
FC86<9<6<GL

CBFGG8FGB77FK7<F84F8CEB545<?<GL7
8
ABA7<F84F87CBCH?4G<BA	!AG;88KG8A787G;8BELG;8L78G8E@<A8G;87<F84F8CEB545<?<GL4GJ;<6;4
74A:8EBHFBE8KC8AF<I8G8FG<F=HFG<9<874A7G;8CEB545<?<GL4GJ;<6;<G<FAB?BA:8EA868FF4EL
F<A68G;8E8<F8ABH:;68EG4<AGL4?E847L	 +BG;8L6E84G87G;E88MBA8FB97<F84F8CEB545<?<GLG;8
9<EFGJ;8E8AB46G<BA<FC8E9BE@87G;8F86BA7J;8E8G8FG<A::<I8FG;858FGE8FH?G4A7G;8G;<E7
J;8E8<@@87<4G8GE84G@8AG<FG;858FGBCG<BA	?G;BH:;G;8G;E8F;B?7G;8BEL<FG;8BE8G<64??L
6BEE86G<G<FBA?L<AGH<G<I8?LHF87<A74<?LCE46G<68	
!AG;<FG;8F<FJ89B6HFBAO6;8FGC4<AP	,;84AAH4?<A6<78A68B946HG8@LB64E7<4?
<A94E6G<BA9BEC8EFBAF4:87GB<F8FG<@4G875LG;8E<G<F; 84EGBHA74G<BA4G 	9BE@8A
4A74G	9BEJB@8A	 -F<A:74G49EB@G;8#-$!AG8:B74G454F8F<@<?4EE8FH?GF4E89BHA7<A
8?:<H@<AG;8GB4:8:EBHC	4EG;B?B@88HFF8A8G4?	 9BHA74L84E?L<A6<78A68B946HG8
@LB64E7<4?<A94E6G<BAB9	9BE@8A4A7	9BE JB@8A	 ,;8<A6<78A68B9F8I8E8;84EG
7<F84F8<AC8BC?86B@C?4<A<A:B96;8FGC4<A<F;<:;?LF8GG<A:78C8A78AG9BE8?:<H@C8E68AG4:8F
I4EL58GJ88A	J;8A4(<F6BAG46G874A7	9BEC4G<8AGF<AG;88@8E:8A6L78C4EG@8AG
B94HA<I8EF<GLG846;<A:;BFC<G4?	
/;8AF<:AF4A7FL@CGB@F N FH6;4FE47<4G<A:BCCE8FF<I86;8FGC4<AC4?8A8FFFJ84G<A:
;LCBG8AF<BA8G6	 N 4E86?84E?LCE8F8AG7<4:ABF<A:%!<F84FL4A7G;8786<F<BAGBE898EG;8
C4G<8AG<FABG7<99<6H?G	 +B@8G<@8FJ;8A6;8FGC4<A<FABG I8ELF8I8E8BECEB?BA:875HG
7<FGE8FF<A:8ABH:;9BEG;8C4G<8AGGB6BAG46G4:8A8E4?CE46G<G<BA8E<GCE8F8AGF4@BE87<99<6H?G
CEB5?8@9BE7<4:ABF<F4A7@4A4:8@8AG	
,;8"B<AGHEBC84A+B6<8GLB94E7<B?B:L4A7@8E<64AB??8:8B94E7<B?B:L
B@@<GG88 9BEG;8E8789<A<G<BAB9@LB64E7<4?<A94E6G<BA789<A874A%!4FG;8OGLC<64?E<F84A7
:E47H4?94??B964E7<46GEBCBA<ABE@BE8E4C<794??B9#%J<G;4G?84FGBA8B9G;89B??BJ<A:
<F6;8@<6FL@CGB@FG;878I8?BC@8AGB9C4G;B?B:<64?)J4I8F6;4A:8F <A7<64G<I8B9
<F6;8@<4+,F8:@8AG8?8I4G<BABE78CE8FF<BA6BEBA4EL4EG8EL<AG8EI8AG<BAP	 -F<A:GEBCBA<AGB
@4>84A%!7<4:ABF<FB94C4G<8AGJ<G;E868AG6;8FGC4<A<FABGCBFF<5?8<A4:8A8E4?CE46G<68
5864HF8GEBCBA<A8<FABG8?8I4G87<@@87<4G8?L9B??BJ<A:4A%!5HG49G8E;BHEF	
8
9
!A:8A8E4?CE46G<68G;8E84?CEB5?8@<FABGG;8%!BE+7<4:ABF<F5HGG;8@4A4:8@8AG
B9C4G<8AGFFHFC86G87B9;4I<A:%!BE+BEO<FG;87<F84F8CEB545<?<GL;<:;8EG;4AG;8
HE:8AGE898EE4?G;E8F;B?7BE<FJ4G6;9H?J4<G<A:47@<A<FG8E<A:C4<A><??<A:C;LF<BG;8E4CLBE
CFL6;BFB6<4?6BHAF8??<A:4ABCG<BAP	 ,;<FG;8F<F4<@F ($#&'( #$+!$)('-
(&("#('$#'#&!($#($%(#('%&'#(#+('(%#/8J<??7BG;<FJ<G;4
I4E<8GL B978F<:AFA4@8?L47<4:ABFG<6FLFG8@4G<6E8I<8J4DH4?<G4G<I8FGH7LGB78G86GFB@8B9
G;86E<G8E<44(HF8FJ;8A784?<A:J<G;6;8FGC4<AC4G<8AGF4AB5F8EI4G<BA4?FGH7LGB6BA9<E@
FB@8B9G;8E8FH?GFB9G;<FDH4?<G4GLFGH7L4A79<A4??L4F<@H?4G<BA@B78?GBFGH7LG;8<A9?H8A68B9
6;4A:<A:G;8GE84G@8AGG;E8F;B?7BAG;8AH@58EB9GE84G87C4G<8AGF	
9
10
!#+('(%#+(##&!%&(
(F@4<A?L@4>8G;8<E<A<G<4?GE84G@8AG786<F<BAF54F87HCBAG;8CE8F8A68BE45F8A68B9
GLC<64?F<:AF4A7 FL@CGB@FB9%!BE+4?G;BH:;G;8L4E8B9@<ABE<@CBEG4A68<AG;89<A4?
7<4:ABF<FG;8L4E8I8ELC<IBG4?9BEG;8JBE><A:7<4:ABF<FB9G;8CE<@4EL64E8C;LF<6<4A	,;8
!!! <FG;89<EFGDH8FG<BAG;4G8@8E:8F	 %(& 78F6E<58F
G;8FLFG8@4G<6E8I<8JJ8C8E9BE@87466BE7<A:GBG;8:H<78?<A8FB9G;8B6;E4A8B??45BE4G<BA	
,;E8874G454F8F%87?<A8@54F84A7<A4;?J8E8F84E6;87	$4A:H4:8E8FGE<6G<BAJ4FA:?<F;
8E@4AE8A6;BEHG6;	&BBG;8EE8FGE<6G<BAFJ8E8HF87	,;84EG<6?8FJ8E8FH5F8DH8AG?L
F6E88A874A74FF8FF87BADH4?<GLHF<A:)-+5LGJB<AI8FG<:4GBEF	
,;8F86BA7DH8FG<BAG;4G8@8E:8F<F 	
 CE8F8AG<A:J<G;6;8FGC4<AG;4AG;86?4FF<64?F<:AF4A7 FL@CGB@F,B<78AG<9L
G;BF8(FPE84FBAFJ8C8E9BE@874DH4?<G4G<I8FGH7LG;8E8FH?GFB9J;<6;4E8CE8F8AG87<A
%(&	!A4CE<BEFGH7L5H 4A<8G4?	9BHA7G;4G(FHF86E<G8E<4ABGCE8F8AG<A6?4FF<64?
G8KG5BB>FJ;8A7<4:ABF<A:6BEBA4EL;84EG7<F84F8FH6;4FC4G<8AGFC86<9<67<F6E8C4A6<8F58GJ88A
CE8I<BHF4A746GH4?6BAFH?G4G<BAF	 ,B9<A7A8J6E<G8E<4<ABHEFGH7LJ8<AI<G87(FGB64??HF
<@@87<4G8?L49G8EF88<A:46;8FGC4<AC4G<8AGE8:4E7?8FFB9G;8<E<A<G<4?7<4:ABF<F4A7E8:4E7?8FFB9
J;8G;8EBEABGG;8C4G<8AGJ4FE898EE87	4F8FJ8E8ABG?<@<G87GBC4G<8AGFJ<G;4A46HG86BEBA4EL
FLA7EB@85HGG;8(FJ8E846G<I8?L8A6BHE4:87GB<A6?H784ALC4G<8AG6BAFH?G<A:J<G;6;8FGC4<A	
,;8FH5F8DH8AGF8@<FGEH6GHE87<AG8EI<8J6BAF<FG87B9G;E88@4<ADH8FG<BAF BJ7B8FG;8(46G
<A:8A8E4?J;8AF88<A:4C4G<8AGJ<G;6;8FGC4<A4A7J;4G<F6BAF<78E87<@CBEG4AGJ;8AE898EE<A:
BEABGE898EE<A:4C4G<8AG BJJBH?7G;8(78F6E<58G;<FFC86<9<6C4G<8AG4A7J;4G46G<BAFJ8E8
BEJ8E8ABGHA78EG4>8A9BE J;<6;E84FBAF BJ7B8FG;8(6BC849G8E;4I<A:@4784A<A6BEE86G
786<F<BA6BA68EA<A:4C4G<8AGJ<G;6;8FGC4<A,;8?847E8F84E6;8EHA78EGBB>4A<A7H6G<I8
FG8CJ<F84CCEB46;9BE74G44A4?LF<F	,;8F86BA7E8F84E6;8E<A78C8A78AG?L4A4?LM874??G;8
<AG8EI<8JF	HE<A:G;84A4?LF<FG;86B785BB>J4F474CG87J<G;A8JG;8@8FGB58GG8E6?4FF<9L
10
11
G;8@8FG;4G8@8E:87	??<AG8EI<8JFJ8E84A4?LM874:4<AHF<A:G;<F9<A4?6B785BB>	BA9?<6GF
J8E8FB?I875L7<F6HFF<BA58GJ88AG;8GJBE8F84E6;8EF	
(#('+('( %#+(##&!%&(#$'&*($#!'(),
!A4AB5F8EI4G<BA4? FGH7L J88I4?H4G87G;8E8FH?GFB9G;8786<F<BAFA4@8?LG;84FFB6<4G<BA
58GJ88AG;8E898EE4?GLC84A7G;868EG4<AGLB9G;8JBE><A:7<4:ABF<F;4CG8E@BEG4?<GLE4G<B
;4CG8E 4A7G;8GE4AFCBEGFLFG8@HF87;4CG8E	
,;8C4EG<6<C4G<A:C;LF<6<4AFJ8E8E86EH<G879EB@4A8K<FG<A:8?:<4AA8GJBE>B9F8AG<A8?
CE46G<68F<AJ;<6;(F;4I8588AIB?HAG4E<?L4A76BAG<AH4??LE8:<FG8E<A:8C<78@<B?B:<64?74G49BE
G;8?4FGL84EF	,;<F A8GJBE><FE8CE8F8AG4G<I8B94??8?:<4A(FJ<G;E8FC86GGB:8A78E4A74:8	
!G<F8DH4??LFCE847BI8E4??E8:<BAFB9G;86BHAGEL	,;874G4J8E8E86BE787CEBFC86G<I8?LBA
FC86<4?9BE@F	B??BJHC<A9BE@4G<BABAG;8E898EE87C4G<8AGFJ4F6B??86G87BA4ABG;8EFC86<4?
9BE@49G8EJ88>F4A749G8EL84EF	??C4G<8AGFJ<G;6;8FGC4<A6BAFH?G<A:G;8<E(J8E8
6BAF86HG<I8?L<A6?H787<AG;8FGH7L	(4G<8AGFJ<G;6;8FGC4<A49G8EGE4H@4J8E88K6?H787	
*898EE<A:4?4E:8CEBCBEG<BAB9C4G<8AGFJ<G;6;8FGC4<AGBF86BA74EL64E8?847FGB
HAA868FF4ELG8FGF4A7CEB687HE8FJ<G;G;8E8?4G876BFGF4A7E<F>B96B@C?<64G<BAF	 !A477<G<BA
HE:8AGE898EE4?@4L586BAGE4<A7<64G87<AFB@864F8F9BE8K4@C?8<AC4G<8AGFFH998E<A:9EB@4
C4A<64GG46>	!G;4F588AF;BJA589BE8 G;4GG;8(PF<A<G<4?7<4:ABF<F4A7G;868EG4<AGLJ<G;J;<6;
G;<F<A<G<4?7<4:ABF<F<F@478J8E8CBJ8E9H?<ACE87<6G<A:G;89<A4?7<4:ABF<FB9C4G<8AGFJ<G;6;8FG
C4<A	 %(& 784?FJ<G;  

#!
%BEG4?<GLE4G8F4E8;<:;4A7HA78EE4G875864HF84AH@58EB9C4G<8AGFJ<G;6;8FGC4<A7<8
589BE8@87<64?4FF<FG4A68;4F4EE<I87	!A4FLFG8@4G<6E8I<8JB94A:<A4C4G<8AGF E86EH<G87J<G;<A
CE<@4EL64E84A4AAH4?@BEG4?<GLE4G8B9		J4F9BHA7	 !AG;8&<>HF8G4?	FGH7LC8E9BE@87
11
12
<AG;8@BAG;@BEG4?<GLE4G8J4F +,8?8I4G<BA@LB64E7<4?<A94E6G<BA +,%!
 ABA+,8?8I4G<BA@LB64E7<4?<A94E6G<BA &+,%!4A7HAFG45?84A:<A4	 !A
BK8G4?	9BHA74@BAG;@BEG4?<GLE4G8B9	+,%!4A7	&+,%!4A7HAFG45?8
4A:<A4	 BG;FGH7<8FJ8E8C8E9BE@87<A4;BFC<G4?F8GG<A:	/87<7ABG9<A79<:HE8FBA%!BE
+9BECE<@4EL64E8	+BJ8786<787GB6B??86G9B??BJHC74G4BA@BEG4?<GL	 BEG;<FCHECBF84
?8GG8EJ4FF8AGGB4??(F<AG;8F8AG<A8?A8GJBE>4F><A:J;8G;8EG;8C4G<8AGF<A6?H787<AG;8FGH7L
J8E8FG<??4?<I8BE78684F874E8@<A78EJ4FF8AGF<KJ88>F?4G8E	(FJ;BF8C4G<8AG;47 7<87
J<G;<AG;E8874LF49G8EG;8<A6<78AG4A7J<G;BHGHE:8AGE898EE4?J8E84F>879BEG;864HF8B9784G;
4A7E84FBAF9BEG;8ABAE898EE4?786<F<BA	 ,;84<@B9G;<FFGH7LJ4FGB78G8E@<A8 
  "  " 
! 49G8EG;8<A6<78AG<AC4G<8AGF6BAFH?G<A:J<G;6;8FGC4<A	,;8
E8FH?GF4E878F6E<587<A %(&		
,;8A4G<BA4?<A94E6G4A:<BC?4FGLCEB=86GC<?BGF<G8FE8CBEG-#E8I84?87G;4G 	B9
C4G<8AGFJ<G;+,%!J;BJ8E8GE4AF98EE875L4@5H?4A68;47I8AGE<6H?4EG46;L64E7<4BE
I8AGE<6H?4E9<5E<??4G<BAE8DH<E<A:64E7<BI8EF<BA7HE<A:GE4AFCBEG	 ,;8@BFG<@CBEG4AG?<98F4I<A:
46G<BA9BEG;8F8C4G<8AGF<FGB:8GG;8@GB4789<5E<??4GBE4A7 FG4EGE8C8E9HF<BAG;8E4CL4FFBBA4F
CBFF<5?8	
!A8?:<H@C4G<8AGF64A6BAFH?GG;8<E(:BGBG;88@8E:8A6L78C4EG@8AGB94;BFC<G4?BE
64??G;8F8EI<68F	@5H?4A68FB9G;8F8EI<684E84??8DH<CC87J<G;4A4HGB@4G<6
789<5E<??4GBE4A7G;8C4E4@87<6F4E845?8GBHF8<G	,;8FG499B9G;8;8?C?<A864A4?FB7<FC4G6;
4A8@8E:8A6LE8F6H8G84@	$<GG?8J4F>ABJA;BJ8I8EBA;BJ(FE898EC4G<8AGFJ<G;6;8FGC4<A
4A7J;<6;GE4AFCBEGFLFG8@<FHF87	 %(&
 78F6E<58F;BJJ846DH<E858GG8E<AF<:;G<AGBG;8
!!
!
12
13
&("#((&'$!'
'(&)($#$''%&$!('(&")!(%!('(##(($
"$,#!$+&#((&("#((&'$!$#(%&$%$&($#'$(&(%(#('
%(& 78F6E<58FG;8F<@H?4G<BA@B78?B9CEB545<?<GL7<FGE<5HG<BAF49G8E@H?G<C?8
G8FG<A:GB 
! 

(;LF<6<4AF7E84@B9G8FGFJ;8E8G;87<F84F87C4G<8AGF:EBHC4A7G;8ABA7<F84F874E8
C8E986G?LF8C4E4G87	B@C?8G8?LF8C4E4G<A:G;87<F84F87:EBHC9EB@G;8ABA7<F84F87<FBA?L
CBFF<5?8J<G;4 + ,! . , ! , ) . -. :B?7FG4A74E7J;8E84??7<F84F87C4G<8AGF;4I84CBF<G<I8
E8FH?G4A74??ABA7<F84F87C4G<8AGF;4I84A8:4G<I8G8FGE8FH?G	E84?:B?7FG4A74E7<F8K68CG<BA4?	
I8AC4G;B?B:<64?6?4FF<9<64G<BA4A7%*!<@4:<A:4E8ABG<A94??<5?84A7@4LL<8?794?F8CBF<G<I8
94?F8A8:4G<I84A7<A7<FG<A6G6BA6?HF<BAF	 !A74<?LCE46G<68C;LF<6<4AF;4I8GBHF8@H?G<C?8
<@C8E986GG8FGFGB7<4:ABF84FC86<9<67<F84F8	!A4:EBHCB9C4G<8AGFG;8HF8B97<998E8AGG8FGF
846;J<G;4CBF<G<I8BEA8:4G<I8G8FGE8FH?GJ<??CEB7H6847<FGE<5HG<BAB97<998E8AGCBFGG8FG7<F84F8
CEB545<?<G<8F	KC8E<8A68<AG846;<A:5BG;HA78E:E47H4G8F4A7F84FBA876?<A<6<4AF;4FG4H:;GHF
G;4GG;8E8<F4@<FHA78EFG4A7<A:45BHGG;<F7<FGE<5HG<BAJ<G;<@CBEG4AG6BAF8DH8A68F9BEG;8
4CC?<64G<BAB9G;E8F;B?7F	
%BFGC;LF<6<4AF , !,$*!#,($)")*)$- - +.$ ).-	%BE8FC86<9<64??LG;8L
F88@GB E8:4E74784G;E8FH?G<A:9EB@GE84G@8AGJBEF8G;4A4784G;7H8GBJ<G;;B?7<A:
GE84G@8AG	 *<GBI8G4?	78@BAFGE4G87G;4GC;LF<6<4AFJ<??58E8?H6G4AGGBI466<A4G84
;LCBG;8G<64?6;<?7<9G;8I466<A4G<BA<GF8?96BH?764HF8784G;8I8A<9G;<F<F94E?8FF?<>8?LG;4A
G;8E<F>B9G;86;<?77L<A:<9;8
F;864H:;GG;87<F84F8	,;<FCFL6;B?B:<64?CEB68FF?847FGB45<4F
4:4<AFG46G<BA45<4F<A94IBEB9B@<FF<BA	 ,B64??46B:A<G<I8CEB68FF4O5<4FP<F64??<A:9BE<GF
8?<@<A4G<BABE@<A<@<M<A:G;8EB?8<GC?4LF<AE84FBA<A:	%BE8<E48G4?	F;BJ87G;4G<AG;8CEB68FF
B9786<F<BA@4><A:6?<A<6<4AF6BEE86G?L8FG<@4G8G;8 9E8DH8A6L4A784EA8FGB947I8EF889986GFB9
GE84G@8AG5HG9BE:8GGBG4>8G;89E8DH8A6L<AGB466BHAG<A8FG<@4G<A:G;8<EG;E8F;B?7	13
14
,;8 .#, -#*'.# *,2 78F6E<58F;BJGB9<A74C<IBG4?7<F84F8CEB545<?<GL54?4A6<A:
7<FHG<?<GL4A758A89<GB9GE84G<A:I8EFHFABGGE84G<A:	 ,;<FG;E8F;B?778C8A7FBAF8I8E4?946GBEF
G;8F8E<BHFA8FFB9G;87<F84F8G;86BAG4:<BHFA8FF4A7FG<:@4G;889986G<I8A8FFF498GL4A74??
><A7FB97<FHG<?<GLC4<A5HE78A9<A4A6<4?6BFGQB9G;8GE84G@8AG	 !AG;8:EBHCB9GE84G87
C4G<8AGFG;8E84?J4LF4E8ABA7<F84F87C4G<8AGF4A7FB@87<F84F87C4G<8AGFJ<??58<A6?H787<AG;8
:EBHCB9ABAGE84G87C4G<8AGF	L786E84F<A:G;8G;E8F;B?74A7G;HFFG4EG<A:GE84G@8AG4G4?BJ8E
7<F84F8CEB545<?<GLABGBA?L@BE87<F84F87C4G<8AGFJ<??58GE84G875HG4?FB@BE8ABA7<F84F87
C4G<8AGF	!AE84?<GLG;8G;E8F;B?7<FBA?L<AGH<G<I8?LHF87	HEG;8E@BE85864HF8C;LF<6<4AF4E8
E8?H6G4AGGBGE84GABA7<F84F87C4G<8AGFG;8O7<FHG<?<GLPB9HAA868FF4ELGE84G@8AGG8A7FGB58
BI8E8FG<@4G87<AG;8 8FG<@4G<BAB9G;8G;E8F;B?7	
14
15
&#'
 EHLA<A6>K*HAG<AK8EG:88EGF.4A4FG8E8A.	,;87<4:ABFG<6I4?H8B9
@46EBF6BC<6;48@4GHE<49BEG;87<4:ABF<FB9HEB?B:<64?64A68E<A:8A8E4?CE46G<68	 ,
 ),. 
	
 .4A78AEH8?8EG:88EGFEHLA<A6>K*8EGF%HAG<AK	+<:AF4A7FL@CGB@F
9BE7<4:ABF<FB9F8E<BHF<A986G<BAF<A6;<?7E8A4CEBFC86G<I8FGH7L<ACE<@4EL64E8	 ,
 ),. 
	
	 (4A=H 8@@8?:4EAHL4GG+<@8?	!FG;<FC4G<8AG;4I<A:4@LB64E7<4?
<A94E6G<BA 

 	
	 ;8A//BB7F+(HAG<??B#	8A78E7<998E8A68F<AFL@CGB@F4FFB6<4G87J<G;46HG8
@LB64E7<4?<A94E6G<BA4E8I<8JB9G;8E8F84E6;	  ,./)" 		
	 +J4C&4:HEA8L"	.4?H84A7?<@<G4G<BAFB96;8FGC4<A;<FGBEL<AG;88I4?H4G<BAB9
C4G<8AGFJ<G;FHFC86G8746HG86BEBA4ELFLA7EB@8F	 

 		
	 8.BA 18EJ<6"	+L@CGB@FB946HG86BEBA4ELFLA7EB@8F4E8G;8E8:8A78E
7<998E8A68FE8I<8JB9G;8?<G8E4GHE8	  ,./)" 	
	 %4AG"%6%4AHF*'4>8F*8?4A8L4EGBA(88>F" 4@@8EF?8L$4I<8F*
4I<8F% B55F	+LFG8@4G<6E8I<8J4A7@B78??<A:B9G;8<AI8FG<:4G<BAB946HG84A7
6;EBA<66;8FGC4<ACE8F8AG<A:<ACE<@4EL64E8	  '.# #)*'
-- - 	
 ?FG8<A	,;<A><A:45BHG7<4:ABFG<6G;<A><A:4L84EC8EFC86G<I8	 
0$) '.#$
/ 		
 <4@BA7BEE8FG8E"	A4?LF<FB9CEB545<?<GL4F4A4<7<AG;86?<A<64?7<4:ABF<FB9
6BEBA4EL4EG8EL7<F84F8	&A:?"%87	
 #ABGA8EHF"$8998EF+	,;8<A9?H8A68B9E898EE4?C4GG8EAFBAG;86;4E46G8E<FG<6FB9
7<4:ABFG<6G8FGF	 '$)+$ ($*' 	
	
 (4H>8E+#4FF<E8E"	 ,;8E4C8HG<6786<F<BA@4><A:46BFG58A89<G4A4?LF<F)"'
  	
 (4H>8E+#4FF<E8E"	,;8,;E8F;B?7CCEB46;GB?<A<64?86<F<BA%4><A:)"
   15
16
 E<G<F; 84EGBHA74G<BA+G4G<FG<6F4G454F8	-*$
;GGC

JJJ	7C;C6	BK	46	H>
5;9;CE:
FG4GF

<A78K	;G@?
 4EG;B?B@88HFF8A+,EHL8EFHAG<AK	1<8>G8A<A78;H<F4EGFCE4>G<=><A.?44A78E8A	
$8HI8A 
 ($-# ).,/(0**,/$-,.-" )  -&/) 	
 HAG<AK#AB6>48EGEHLA<A6>K*78?48L&8EGF%#ABGGA8EHF"8?BBM 	
;8FGC4<A<A:8A8E4?CE46G<68BE<AG;8;BFC<G4?8@8E:8A6L78C4EG@8AG<F<GG;8F4@8
(,. 	
 *HGG8AEHA7@8<=8E E<=F88?F.4A8AGH@" 8A7E<6>"4H@4A%8G4?	& 
+G4A744E76HHG6BEBA4<EFLA7EBB@	 /$-,.- ) . )-#+ 		
 ?48LF%.4A78>8E6;BI80BFF48EG$4??8(%4EG8AF( B??4A78EF8G4?	
*<6;G?<=A8ABI8E;8G58?8<7I4A46HG8G;BE464?8C<=A	 $%-#, )  -& 
	
 E;4E7G$ 8E?<GM"BFF48EG$ 4?<A8A%#8?G4<%#BFG8E*8G4?	 ,4F>9BE68 B9G;8
@4A4:8@8AGB96;8FGC4<A	 /, ,. 	
 "+
B@@<GG88	%LB64E7<4?<A94E6G<BAE8789<A87 N 46BAF8AFHF7B6H@8AGB9G;8
"B<AGHEBC84A+B6<8GLB94E7<B?B:L
@8E<64AB??8:8B94E7<B?B:LB@@<GG889BEG;8
E8789<A<G<BAB9@LB64E7<4?<A94E6G<BA	 /, ,. 	
 5H 4A<%#8??8E .4A78A8F6;"+BAA<F6;8AE<99<G;FBAA8E4AM;B99&	
<998E8AG9EB@J;4GG;8G8KG5BB>FF4L;BJ(F7<4:ABF86BEBA4EL;84EG7<F84F8	 (
,. 		
 $88,B?7@4A$I4?H4G<BAB9G;8C4G<8AGJ<G;46HG86;8FGC4<A	 )"'  
		
 .4A78EB8F$H5F8A"(BB?"6HG8@LB64E7<4?<A94E6G<BA4A84FL7<4:ABF<F<A
:8A8E4?CE46G<68 *'' ),. 	
 HAG<AK,EHL8A"@5E86;GF(%BE88?(88G8EF*;8FGC4<A4A8I4?H4G<BAB9G;8
<A<G<4?7<4:ABF<F@4785L?8@<F;:8A8E4?CE46G<G<BA8EF	 (,. 	
 "BA8F%*4<G4?6BA8E"878E	+LFG8@4G<6E8I<8JCEB:ABF<FB94A:<A4<ACE<@4EL
64E8	 (,. 	
16
17
 &<>HF#F>B?4".<EG4A8A. 4E=H" H;G4?4 %<>>8?FBA"8G4?	 %BEG4?<GLB9
C4G<8AGFJ<G;46HG86BEBA4ELFLA7EB@8FFG<??E8@4<AF;<:;49B??BJHCFGH7LB9
6BAF86HG<I8C4G<8AGF47@<GG87GB4HA<I8EF<GL;BFC<G4?	 
))  	
 BK#+G8:(4:?8#BB7@4A+A78EFBAE4A:8E8G4?	86?<A8<AE4G8FB9
784G;4A7;84EG94<?HE8<A46HG86BEBA4ELFLA7EB@8F	 

 
	
 *B58EGF/,<@@<F	(4G<8AGFJ<G;6;8FGC4<AF;BH?764??8@8E:8A6LF8EI<68F	 

	
 #ABGGA8EHF%HE<F"	FF8FF@8AGB9G;8466HE46LB97<4:ABFG<6G8FGFG;86EBFFF86G<BA4?
FGH7L	!A#ABGGA8EHFHAG<AK	,;88I<78A6854F8B96?<A<64?7<4:ABF<F	,;8BEL4A7
@8G;B7FB97<4:ABFG<6E8F84E6;	'K9BE7/<?8L?46>J8??A787	
 F6;4EBA" 8EF;8L"#HAE8HG;8E %8FM4EBF"*<GBI!+CE4A64%	'@<FF<BA
5<4F4A7C8EGHFF<FI466<A4G<BA	   $-&$)" 		
 *<GBI!4EBA"	(EBG86G87.4?H8F4A7'@<FF<BA<4F	 ,") #0/( $-,* --
	
 ?FG8<A	 8HE<FG<6F4A75<4F8FF8?86G878EEBEF<A6?<A<64?E84FBA<A:	647%87
		
 %BE8<E4"<F<:%HJ4J8A<@4A4(4F<A:4(<FB99<1 48:8@4A#<F;BE8(.4A
78AA78"	/8<:;<A:;4E@<AG;8E4C8HG<6786<F<BAFB9F@84EA8:4G<I8CH?@BA4EL
GH58E6H?BF<F	%8786<F%4><A:	
17
18


Chapter 1
The accuracy of signs and symptoms
This article was published in the British Journal of General Pracice:
Bruyninckx R, Aertgeerts B, Bruyninckx P, Buntinx F. Signs and symptoms in diagnosing acute 
myocardial infarction and acute coronary syndrome: a diagnostic meta-analysis. Br J Gen Pract 
2008;58:105-11. 
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ABSTRACT
Background
Prompt diagnosis of acute myocardial infarction or
acute coronary syndrome is very important.
Aim
A systematic review was conducted to determine the
accuracy of 10 important signs and symptoms in
selected and non-selected patients.
Design of study
Diagnostic meta-analysis.
Method
Using MEDLINE, CINAHL, EMBASE, tracing
references, and by contacting experts, studies were
sought out that described one of the 10 signs and
symptoms on one or both conditions. Studies were
excluded if they were not based on original data.
Validity was assessed using QUADAS and all data were
pooled using a random effects model.
Results
Sixteen of the 28 included studies were about patients
who were non-selected. In this group, absence of
chest-wall tenderness on palpation had a pooled
sensitivity of 92% (95% confidence interval [CI] = 86 to
96) for acute myocardial infarction and 94% (95% CI =
91 to 96) for acute coronary syndrome. Oppressive
pain followed with a pooled sensitivity of 60% (95% CI
= 55 to 66) for acute myocardial infarction. Sweating
had the highest pooled positive likelihood ratio (LR+),
namely 2.92 (95% CI = 1.97 to 4.23) for acute
myocardial infarction. The other pooled LR+ fluctuated
between 1.05 and 1.49. Negative LRs (LR–) varied
between 0.98 and 0.23. Absence of chest-wall
tenderness on palpation had a LR– of 0.23 (95% CI =
0.18 to 0.29).
Conclusions
Based on this meta-analysis it was not possible to
define an important role for signs and symptoms in the
diagnosis of acute myocardial infarction or acute
coronary syndrome. Only chest-wall tenderness on
palpation largely ruled out acute myocardial infarction
or acute coronary syndrome in low-prevalence
settings.
Keywords
diagnostic meta-analysis; myocardial ischemia; signs
and symptoms.
INTRODUCTION
‘Chest pain’ is a symptom of illnesses of different
organs (heart, lung, stomach and intestines,
muscles, and skeleton) or of psychiatric disorders,
all of which require specific treatment. Due to the
high mortality and morbidity of coronary disease, in
the event of chest pain, a GP will always consider
the possibility of an acute myocardial infarction or
unstable angina. Moreover, fast treatment — such
as thrombolysis, percutaneous coronary
intervention, or coronary artery bypass graft — can
be life-saving and increase the patient’s life
expectancy and quality of life.1
The annual incidence of acute myocardial
infarction for persons aged 30–69 years is
estimated by the British Heart Foundation at 0.6%
for men and at 0.1% for women.2 In Belgium the
figures are comparable: in the 45–75-year-old age
group Bartholomeeussen et al3 found a yearly
incidence of acute myocardial infarction of 0.55%
for men and 0.19% for women. The incidence of
severe heart disease in people complaining of chest
pain is highly dependent on the care setting: for
Belgium percentages vary between 4.8% when a
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GP is contacted and 24.2% for patients in the
emergency department of a university teaching
hospital.4
Severe prolonged chest pain of acute onset is
rarely a decision-making problem. Attacks of chest
pain that are experienced by the patient and
defined as not very severe or prolonged, but
distressing enough for them to contact a GP,
present a more difficult problem in diagnosis and
management.5 In the majority of European countries
GPs will perform most of the triage in patients with
chest pain and so can only rely on signs and
symptoms. The accuracy of these signs and
symptoms has already been the subject of
systematic reviews. Several authors only used
groups consisting of patients with known acute
myocardial infarctions in their reviews;6–8 such
studies can only determine the sensitivity. The
specificity, the positive or negative likelihood ratio
(LR+, LR–), the positive predictive value (PPV), and
the negative predictive value (NPV) cannot be
determined using such samples. Consequently, the
accuracy of a test cannot be described fully.
Panju et al only used studies concerning patients
included via an emergency department or patients
admitted to a hospital.9 Mant et al only used
articles dated before 1992 in their review on signs
and symptoms,10 while Chun and McGee only used
MEDLINE for their search strategy.11 More recent
studies were included in this systematic review. Two
analyses were made: one of studies of patients who
were non-selected (recruited by GPs, paramedics,
or emergency departments) and one of studies of
patients who were selected (recruited by coronary
care units and cardiologists).
Ten signs and symptoms that could be found by
history taking or physical examination were
investigated. The diagnostic value was examined
for acute myocardial infarction or acute coronary
syndrome of:
• radiating pain (left arm and/or shoulder, right arm
and/or shoulder, both arms and/or shoulder,
neck, back, epigastric);
• oppressive pain;
• nausea and/or vomiting;
• sweating; and
• absence of chest-wall tenderness on palpation
(absence of tenderness).
METHOD
Search strategy
MEDLINE, EMBASE and CINAHL were searched.
All searches were up to date as of 31 May 2006. In
MEDLINE a combination of terms was used
involving all possible elements, the target disease
and no filters: (“Physicians, Family”[MeSH] OR
“Emergency Service, Hospital”[MeSH] OR
“Emergency Medical Services”[MeSH] OR
“Emergency Medicine”[MeSH]) AND (“Chest
Pain”[MeSH] OR “Myocardial Ischemia”[MeSH]).
An adapted version of this search string was used
in CINAHL: ((Emergency-Medicine) OR (Emergency-
Service) OR (Physicians-Emergency) OR
(Emergencies) OR (Emergency-Care) OR
(Emergency-Medical-Services) OR (Physicians-
Family) OR (Prehospital-Care)) AND ((Angina-
Pectoris) OR (Chest-Pain) OR (Myocardial-
Infarction) OR (Myocardial- Ischemia)).
The search string used in EMBASE was:
(‘emergency health service’ OR ‘general
practitioner’ OR ‘emergency health service’ OR
‘emergency ward’ OR ‘emergency medicine’) AND
(‘thorax pain’ OR ‘heart muscle ischemia’)
In addition, the reference lists of the retrieved
articles were checked. A search for any
unpublished study results was limited to contacting
known researchers in the field.
Study selection
The study strategy was designed to include all
published diagnostic accuracy studies on signs and
symptoms for the diagnosis of acute myocardial
infarction, unstable angina, or acute coronary
syndrome. Studies were excluded if diagnostic
tests were not one of the 10 selected signs or
symptoms and if they were not based on original
data or if the data were insufficient to construct a
2x2 table. Language restrictions were English,
French, German, and Dutch. Two independent
reviewers screened the titles; a third reviewer
resolved any disagreements that occurred between
the two. All the selected titles were studied in full
text by one reviewer. A list of excluded studies and
a log of reasons for exclusion are available from the
authors on request. When patients were recruited
by GPs, paramedics, or emergency departments,
they were considered ‘non-selected’. Patients
recruited by coronary care units and cardiologists
How this fits in
Most information about signs and symptoms is derived from studies in
coronary care units with patients who have 100% acute myocardial infarction.
Those data are not similarly accurate in a primary care setting (GP surgery,
emergency department, and paramedics). This study was not able to define an
important role for signs and symptoms in the diagnosis of acute myocardial
infarction or acute coronary syndrome. Only chest-wall tenderness on
palpation largely ruled out acute myocardial infarction or acute coronary
syndrome in low-prevalence settings.
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were considered ‘selected’.
Chosen articles were retrieved in full and further
included in the review after they had been assessed
for quality using the QUADAS instrument, shown in
Appendix 1.12 The selection of participants and the
validity of the reference standard were the most
important considerations. Studies were excluded
from the review if they failed on one of these two
items. Studies that failed on other QUADAS
questions were not excluded, not even those
without blind interpretation of the other tests, as
blinding is almost impossible in this case.
Data extraction
The following data were extracted (in duplicate)
from the studies:
• the design: whether the data were collected
prospectively or retrospectively, and whether the
participants were included consecutively;
• the setting: whether participants were recruited
by GPs, cardiologists, paramedics, emergency
departments, chest pain observation units, or
coronary care units;
• age and sex;
• index test: pain radiating to left arm and/or
shoulder; to right arm and/or shoulder; to both
arms and/or shoulders; to neck; to back;
epigastric, oppressive pain; nausea and/or
vomiting; sweating; absence of tenderness;
• the number of patients and the prevalence of the
disease in the study group;
• the results from the study in absolute numbers (in
the absence of the absolute numbers, they were
calculated from prevalence, sensitivity and
specificity);
• the inclusion and exclusion criteria; and
• the reference standard.
Statistical analysis and data synthesis
Two groups were analysed separately: the patients
who were non-selected and those who were
selected. Standard methods recommended for the
meta-analysis of diagnostic test evaluations were
used.13–15 Analyses were performed using Stata
(version 8, Stata Corporation, Texas). Sensitivity,
specificity, LR+ (= sensitivity/[1 — specificity]; a
positive test result makes the odds of the disease
‘LR+’ times more possible), LR– (= [1 —
sensitivity]/specificity; a negative test result makes
the odds of the disease ‘LR–’ times less possible)
and the odds ratio (OR) were pooled using a
random effects model. PPV or NPV were not
reported because of the heterogeneity between
studies due to differences in setting and
prevalence.
Heterogeneity in meta-analysis refers to the
degree of variability in results across studies. Forest
plots were examined and used, the χ2 and Fisher’s
Exact tests were used and, in view of the low power
of the χ2 test, the I2 statistic was also estimated to
detect heterogeneity.16 In order to keep the tables
readable, only the I² data are reported. The potential
presence of publication bias using funnel plots and
the Egger test was tested for.17–18
RESULTS
Included studies
Figure 1 outlines the study selection process. The
great majority of publications concerning acute
myocardial infarction and acute coronary syndrome
discuss the technical tests and treatments. The
number of studies found reporting the selected
signs and symptoms was not very extensive —
there were 57 in all. A further 29 were excluded
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myocardial infarctions or acute coronary syndromes
n = 488
MEDLINE,
n = 3124
n = 139 n = 128
n = 755
CINAHL,
n = 1122
EMBASE, 
n = 1360
n = 28
Screening abstract
and title
All retained
studies
Eligible for
further review
Eligible for full
text evaluation
Included 
in review
n = 598
n = 882
Duplicates,
n = 157
Found by
reference 
tracking,
n = 284
Non-
selected 
patients,
n = 16
Chest pain 
observation 
unit,
n = 1
Selected 
patients,
n = 11
Excluded
n = 854
• No original
 study, n = 358
• No signs or
symptoms,
n = 421
• Duplicate 
data, n = 44
• AMI patients 
only, n = 29
• Not retrieved,
n = 2
Total, n = 5606
Figure 1. Retrieval of
eligible studies:
flowchart.
AMI = acute myocardial infarction.
2224
R Bruyninckx, B Aertgeerts, P Bruyninckx and F Buntinx
British Journal of General Practice, February 2008e3
were considered ‘selected’.
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Statistical analysis and data synthesis
Two groups were analysed separately: the patients
who were non-selected and those who were
selected. Standard methods recommended for the
meta-analysis of diagnostic test evaluations were
used.13–15 Analyses were performed using Stata
(version 8, Stata Corporation, Texas). Sensitivity,
specificity, LR+ (= sensitivity/[1 — specificity]; a
positive test result makes the odds of the disease
‘LR+’ times more possible), LR– (= [1 —
sensitivity]/specificity; a negative test result makes
the odds of the disease ‘LR–’ times less possible)
and the odds ratio (OR) were pooled using a
random effects model. PPV or NPV were not
reported because of the heterogeneity between
studies due to differences in setting and
prevalence.
Heterogeneity in meta-analysis refers to the
degree of variability in results across studies. Forest
plots were examined and used, the χ2 and Fisher’s
Exact tests were used and, in view of the low power
of the χ2 test, the I2 statistic was also estimated to
detect heterogeneity.16 In order to keep the tables
readable, only the I² data are reported. The potential
presence of publication bias using funnel plots and
the Egger test was tested for.17–18
RESULTS
Included studies
Figure 1 outlines the study selection process. The
great majority of publications concerning acute
myocardial infarction and acute coronary syndrome
discuss the technical tests and treatments. The
number of studies found reporting the selected
signs and symptoms was not very extensive —
there were 57 in all. A further 29 were excluded
because only patients with confirmed acute
myocardial infarctions or acute coronary syndromes
n = 488
MEDLINE,
n = 3124
n = 139 n = 128
n = 755
CINAHL,
n = 1122
EMBASE, 
n = 1360
n = 28
Screening abstract
and title
All retained
studies
Eligible for
further review
Eligible for full
text evaluation
Included 
in review
n = 598
n = 882
Duplicates,
n = 157
Found by
reference 
tracking,
n = 284
Non-
selected 
patients,
n = 16
Chest pain 
observation 
unit,
n = 1
Selected 
patients,
n = 11
Excluded
n = 854
• No original
 study, n = 358
• No signs or
symptoms,
n = 421
• Duplicate 
data, n = 44
• AMI patients 
only, n = 29
• Not retrieved,
n = 2
Total, n = 5606
Figure 1. Retrieval of
eligible studies:
flowchart.
AMI = acute myocardial infarction.
22
Systematic Review
was caused by the very large inclusion criteria, that
is, ‘all patients with possible acute myocardial
infarction for whom a rapid ECG was performed’.
The chest pain observation unit, to which patients
with unclear signs and symptoms and without clear
ECG abnormalities and/or blood abnormalities were
admitted, had a prevalence of 4%.40 In other studies
executed in emergency departments, prevalences
of between 6% and 18% were found. The group
transported by ambulance in Svenson et al’s
study,44 with a prevalence of 29%, situates itself
between the patients seen in an emergency
department and those admitted to a coronary care
unit (prevalence from 36–50%). In the study of Van
der Does et al21 the prevalence of referred patients
was as low as 7%.
Heterogeneity in the non-selected group
For acute myocardial infarction there was
homogeneity in the LR+ of oppressive pain and in
the LR– for tenderness. For acute coronary
syndrome there was homogeneity in the LR+ of left-
arm pain and the LR– for sweating and tenderness.
For the other analyses, a moderate to high level of
heterogeneity was found.
Indications of diagnostic accuracy in the
non-selected group
Appendix 5 (for the diagnosis of acute myocardial
infarction) and Appendix 6 (for a diagnosis acute
coronary syndrome) (both subgroups separately)
show the pooled sensitivity, specificity, LR+, LR–,
and OR with their 95% CI and I². The sensitivity and
specificity per sign or symptom varied greatly.
The sensitivity of absence of tenderness was
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were included. Twenty-eight articles were included
in the meta-analysis:19–46 16 studies were about
patients who were non-selected, 11 studies were
about patients who were selected, and one study
was made in a chest pain observation unit.
Study characteristics and quality
During the selection process the inter-rater
agreement between the two reviewers was very
good with a κ of 0.82 (95% confidence interval [CI]
= 0.79 to 0.85). There was no disagreement in items
of the QUADAS instrument. The results of the
studies included on the QUADAS list are outlined in
Appendix 2. In an attempt to analyse subgroups for
sex and age, 14 authors were contacted by e-mail
and additional data were obtained for two studies.
Appendices 3 and 4 present the descriptive data
from the studies included.
For the final diagnosis of acute myocardial
infarction the reference tests used were enzyme
rises (n = 23), electrocardiogram (ECG) change (n =
22), history (n = 11), scintigraphy (n = 8), autopsy (n
= 5), criteria of the World Health Organization or
European Society of Cardiology (n = 4), sudden
death (n = 3), coronary angiogram (n = 2),
echocardiography (n = 2), or urgent
revascularisation (n = 1). In some studies, at least
two tests were required. History alone was always
insufficient to diagnose an acute myocardial
infarction.
Reference tests for unstable angina were: history
(pain: frequency, worse, new) (n = 5), ECG changes
without enzymes rises (n = 3), unproven acute
myocardial infarction (n = 2), Canadian
Cardiovascular Society classification criteria (n = 1),
and clinical judgement (n = 1).
One study46 gave only reference tests for acute
coronary syndrome: troponin rise, cardiac death,
acute myocardial infarction, new onset heart failure,
life-threatening arrhythmia, or coronary
revascularisation.
Prevalence
Two large studies36,37 provided 50% of the subjects.
When the results of all the studies were combined,
there were 5067 (11.6%) patients with acute
myocardial infarction out of a group of 43 138, and
4594 (26.3%) patients with acute coronary
syndrome out of a group of 17 416. Of these
17 416, 13 108 (75.3%) belonged to a group also
examined for acute myocardial infarction. There are
approximately 50% more patients with unstable
angina than acute myocardial infarction.
The varying prevalence of acute myocardial
infarction depended on the setting and inclusion
criteria. Graff et al’s37 low prevalence of about 2%
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high, namely 92% (95% CI = 85.5 to 96.4) for acute
myocardial infarction and 94% (95% CI = 91.4 to
96.1) for acute coronary syndrome. Oppressive pain
followed with a sensitivity of 60% (95% CI = 53.7 to
66.0 for acute myocardial infarction). Sweating had
the highest LR+, namely 2.92 (95% CI = 1.97 to
4.32 for acute myocardial infarction).
The LR+ of right arm or shoulder pain was 2.89
(95% CI = 1.40 to 5.98) for acute myocardial
infarction (one study). The other LR+ fluctuated
between 1.05 and 1.49 for acute coronary
syndrome.
Absence of tenderness had a LR- of 0.23 (95% CI
= 0.18 to 0.29) for acute myocardial infarction and
0.17 (95% CI = 0.11 to 0.26) for acute coronary
syndrome. Other LR– varied between 0.69
(oppressive pian and sweating for acute myocardial
infarction) and 0.98 (epigastric pain) for acute
coronary syndrome.
Publication bias
A funnel plot, signifying publication bias, is shown
in Figure 2. The plot appears symmetrical,
suggesting absence of publication bias. This was
confirmed by a non-significant Egger test (0.79).
DISCUSSION
Studies included
More than half of the studies dated from after Mant
et al’s10 selection. Sixteen new articles about several
signs and symptoms that were not included in Chun
and McGee’s review11 were included, indicating the
necessity for a new systematic review.
Although the authors aimed to find all relevant
studies, some could have been missed. However,
the search strategy will have detected most studies.
As only two studies were performed in a general
practice setting, it was decided to look for ‘primary
care’ studies, which were defined as settings in
which patients who had not been referred by other
medical practitioners were seen. In Europe and
some other parts of the world this mostly concerns
general practice. In the US and a number of other
countries however, this frequently includes the
emergency department and patients admitted by
paramedics. The information on these unselected
patients is certainly relevant for GPs.
Quality
A fair amount of research dates from several
decades ago. It could be argued that these older
studies are disadvantaged in terms of quality as
empirical research on design-related bias and the
STARD (Standards for Reporting of Diagnostic
Accuracy) initiative to improve quality are fairly
recent.47–49 Although new research on the quality of
diagnostic accuracy studies confirms that quality is
still not optimal, the quality of the studies included
was good according to the QUADAS criteria.
A good reference test is essential in diagnostic
research. It was unclear how frequently these
criteria were used for the definite diagnosis of
acute myocardial infarction. The acceptance of a
broad range of inclusion criteria (autopsy, sudden
death, scintigraphy, echocardiography, and
angiography) as reference tests increased the
number of real positives at the risk of spectrum
bias.10 Verification bias was not a major problem
because almost all patients received a reference
standard. The increasing sensitivity of the blood
tests used over the years — starting with
transaminase via lactate dehydrogenase, creatine
kinase (CK) and the isoenzyme CK-MB, and
recently troponin T — has caused a rise in real
positives. However, no increase in the prevalence
of acute myocardial infarction in the emergency
departments or the coronary care units was
noticed over the course of time. The reference test
for unstable angina was not as clearly defined as
that for acute myocardial infarction because it
often depended on the clinical picture and its
interpretation. All of this could cause either over- or
underestimation of the prevalence found.
Although ‘acute myocardial infarction + unstable
angina = acute coronary syndrome’, a distinction
was made between acute myocardial infarction and
acute coronary syndrome to ensure that no data
was left out of those studies that dealt only with
acute myocardial infarction.
Prevalences
In 2000, the definition of acute myocardial infarction
changed to: ‘typical rise and gradual fall of cardiac
troponin, or more rapid fall of CK-MB, with at least
one of the following: ischemic symptoms; the
development of pathological Q waves; ECG
changes indicative of ischemia (ST-segment
elevation or depression); coronary artery
intervention’.50 This definition of acute myocardial
infarction will increase the sensitivity of diagnosing
acute myocardial infarction and thereby increase
the findings of its incidence. The increased
specificity of troponin, however, should decrease
the number of false-positive diagnoses. The
combined effect that these two factors may have on
the case-fatality rate is currently unclear.51
The larger number of acute myocardial infarctions
in patients transported by ambulance compared to
those in patients transported to the emergency
department by other means has been documented
previously.4 The low prevalence of referred patients
in the study by van der Does et al21 is possibly
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angiography) as reference tests increased the
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bias.10 Verification bias was not a major problem
because almost all patients received a reference
standard. The increasing sensitivity of the blood
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recently troponin T — has caused a rise in real
positives. However, no increase in the prevalence
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departments or the coronary care units was
noticed over the course of time. The reference test
for unstable angina was not as clearly defined as
that for acute myocardial infarction because it
often depended on the clinical picture and its
interpretation. All of this could cause either over- or
underestimation of the prevalence found.
Although ‘acute myocardial infarction + unstable
angina = acute coronary syndrome’, a distinction
was made between acute myocardial infarction and
acute coronary syndrome to ensure that no data
was left out of those studies that dealt only with
acute myocardial infarction.
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changed to: ‘typical rise and gradual fall of cardiac
troponin, or more rapid fall of CK-MB, with at least
one of the following: ischemic symptoms; the
development of pathological Q waves; ECG
changes indicative of ischemia (ST-segment
elevation or depression); coronary artery
intervention’.50 This definition of acute myocardial
infarction will increase the sensitivity of diagnosing
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the findings of its incidence. The increased
specificity of troponin, however, should decrease
the number of false-positive diagnoses. The
combined effect that these two factors may have on
the case-fatality rate is currently unclear.51
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in patients transported by ambulance compared to
those in patients transported to the emergency
department by other means has been documented
previously.4 The low prevalence of referred patients
in the study by van der Does et al21 is possibly
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explained by the underestimation of the number of
acute myocardial infarctions due to the absence of
sensitive blood analyses in 1972.
It should also be noted that in most studies the
true population prevalence of acute myocardial
infarction was higher because patients who died at
home could not be included.
Heterogeneity
Most of the pooled results were heterogeneous,
due to different settings, inclusion criteria, and
reference standards. The non-homogenous pooled
results must be interpreted very carefully.
Diagnostic accuracy of signs and symptoms
in the non-selected patients group
Absence of tenderness was highly sensitive for
acute myocardial infarction (92%) and acute
coronary syndrome (94%). The presence of
palpation pain greatly reduces the chance of acute
myocardial infarction and acute coronary syndrome
with a LR– of 0.23 and 0.17 respectively. Similar
pleuretic or positional thoracic pain was not
selected in this study. In Mant’s et al’s study the
absence of pleuretic pain had a LR– of 0.19 and the
absence of positional pain a LR– of 0.27.10
Oppressive pain, with a pooled sensitivity of 60%
and a specificity of 58% has almost no influence on
the likelihood of acute myocardial infarction. The
sensitivities of the other signs and symptoms were
even lower and could not be used to exclude acute
myocardial infarction or acute coronary syndrome.
The differences in sensitivity and specificity
between acute myocardial infarction and acute
coronary syndrome remained small and were
therefore not relevant.
It is true that, even in unselected settings such as
general practice, patients have a reason for visiting
their GP with chest pain. Fear of having a
myocardial infarction may be one such reason.
Anyone not visiting their doctor will not be
diagnosed with acute myocardial infarction so the
classical signs and symptoms of chest pain and
irradiation are always part of the diagnostic work-
up.
Clinical implications
To summarise the interpretation of signs and
symptoms in the clinical context, consider a patient
in a low-, intermediate-, and high-prevalence
setting. For the sake of clarity the highest pooled
LR+ and the lowest LR– found for acute myocardial
infarction, namely sweating (LR+ 2.92, LR– 0.69),
and absence of chest-wall tenderness (LR+ 1.47,
LR– 0.23) were used.
In a low pre-test probability situation of 5%,
which may be regarded as the prevalence in those
patients who are unselected and contact a GP with
chest pain, these LR+ translate to a 13% and 7%
post-test probability of a positive test result.4 In low
pre-test settings the presence of the signs and
symptoms listed above is insufficient to definitively
confirm acute myocardial infarction. In their
absence the post-test probability is lowered to 4%
and 1%. Absence of sweating should scarcely
affect GPs’ management; the presence of chest-
wall tenderness results in a post-test probability of
1.1% and so largely rules out acute myocardial
infarction for clinical purposes.
In an intermediate-prevalence setting of 15%,
which is the prevalence expected in a patient seen
by the GP during an urgent home visit or in an
emergency department, the same reasoning
produces a post-test probability of 34% and 21%.
If these symptoms are absent this becomes 11%
and 4%. These results should barely influence GPs’
treatment strategy.
In a high-prevalence setting of 40%, such as a
coronary care unit the same signs or symptoms
represent a post-test probability of 66% and 49% if
positive, and 32% and 13% if negative. These
results will also add nothing to the diagnostic
process.
Each of these signs and symptoms may also
trigger consideration of acute myocardial infarction
or acute coronary syndrome: non-specific
complaints such as back pain or vomiting/nausea
can also be caused by acute myocardial infarction
or acute coronary syndrome. In Goodacre et al’s45
study of patients with undifferentiated chest pain
(with normal ECG and without a clear clinical
diagnosis of acute coronary syndrome) the final
diagnosis was acute coronary syndrome in 7.9%.
This group of missed acute coronary syndrome
probably still has a higher mortality than patients
without acute coronary syndrome.52
Previous meta-analyses of signs and
symptoms
All the pooled results were situated within the 95%
CIs of the previous investigations, except in the
absence of chest-wall tenderness. Here a LR+ of
1.47 (95% CI = 1.23 to 1.75) was found, which was
somewhat higher than in Mant et al’s10 research
(1.18; 95% CI = 1.16 to 1.22).
Limitations of the review
Some studies suggested a difference in the
diagnostic accuracy of signs and symptoms
according to age27,38 or sex,43 but there were not
enough studies to perform a subgroup analysis.
Although the combination of signs and symptoms,
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their context, the severity, and the progression from
the start influence the interpretation, it was
impossible to examine this because there were
almost no included studies that investigated the
diagnostic accuracy of combinations of signs and
symptoms. Only three of the selected studies
combined different signs and symptoms: Short22
(previous or not-previous history of acute coronary
syndrome and studied signs and symptoms), Lee et
al23 (sharp or stabbing pain and pain pleuretic,
positional or reproduced by palpation and no prior
acute coronary syndrome), and Hargarten et al25
(radiating pain and sweating, difficult breathing, and
nausea/vomiting).
Persons with chest pain can also be subject to
serious, even life-threatening, diseases other than
acute myocardial infarction or acute coronary
syndrome, such as pulmonary embolism, and
stomach bleeding. This requires analysis with
CART-type models in the individual studies. CART
is a statistical package that produces decision trees
using variables (coded signs and symptoms)
directing to classes (diagnostic categories). At each
node of the decision tree, the programme
calculates which variable is the ‘most
discriminating’ and constructs, at that node, a
bifurcation of two branches. For each resulting
branch, CART calculates the next most
discriminating variable and continues in this way
until either the subgroups or the discriminating
power become ‘too small’. A final statistical pruning
technique results in an optimal tree, where
optimality is measured by various criteria.53–55 As far
as the authors know no systematic review has been
published pooling the results of such studies.
In 2005 a new multilevel method for the bivariate
pooling of combined sensitivity and specificity was
published.56 This method may be superior to
classic pooling. The authors were asked to do the
calculations on the current study’s results of the
absence of chest-wall tenderness on palpation in
relation to acute myocardial infarction. Because of
the minimal differences, the previous calculations
were not reworked.
Conclusions
Based on this meta-analysis, it was not possible to
define an important role for signs and symptoms in
the diagnosis of acute myocardial infarction or
acute coronary syndrome. Only chest-wall
tenderness on palpation largely ruled out acute
myocardial infarction or acute coronary syndrome in
low-prevalence settings.
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pooling of combined sensitivity and specificity was
published.56 This method may be superior to
classic pooling. The authors were asked to do the
calculations on the current study’s results of the
absence of chest-wall tenderness on palpation in
relation to acute myocardial infarction. Because of
the minimal differences, the previous calculations
were not reworked.
Conclusions
Based on this meta-analysis, it was not possible to
define an important role for signs and symptoms in
the diagnosis of acute myocardial infarction or
acute coronary syndrome. Only chest-wall
tenderness on palpation largely ruled out acute
myocardial infarction or acute coronary syndrome in
low-prevalence settings.
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 Was the spectrum of patients representative of patients who will receive the
test in practice?
 Were selection criteria clearly described?
 Is the reference standard likely to correctly classify the target condition?
 Is the time period between reference standard and index test short enough
to be reasonably sure that the target condition did not change between the
two tests?
 Did the whole sample or a random selection of sample receive verification
using a reference standard diagnosis?
 Did patients receive the same reference standard regardless of the index test
result?
 Was the reference standard independent of the index test (that is, the index
test did not form part of the reference standard?)
 Was the execution of the index test described in sufficient detail to permit
replication of the test?
 Was the execution of the reference standard described in sufficient detail to
permit its replication?
 Were the index test results interpreted without knowledge of the results of
the reference standard?
 Were the reference standard results interpreted without knowledge of the
results of the index test?
 Were the same clinical data available when test results were interpreted as
would be available when the test is used in practice?
 Were interpretable intermediate test results reported?
 Were withdrawals from the study explained?
Appendix 1. The QUADAS tool.12
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1 2 3 4 5 6 7 8 9 10 11 12 13 14
Säwe, 197119 yes yes yes yes yes yes yes yes yes ? ? yes yes no
Säwe, 197220 yes yes yes yes yes yes yes yes yes ? ? yes yes no
Van der Does, 198021 yes yes yes yes yes yes yes yes yes yes no yes yes yes
Short, 198122 yes yes yes no yes yes yes no yes yes no yes yes yes
Lee, 198523 yes yes yes yes yes yes yes yes yes yes ? yes no no
Tierney, 198624 yes yes yes yes yes yes yes yes yes yes yes yes yes no
Hargarten, 198725 yes yes yes yes yes yes yes yes no ? no yes no no
Herlihy, 198726 yes yes yes yes yes yes yes yes yes ? ? yes no yes
Solomon, 198927 yes yes yes yes yes yes yes yes yes yes ? yes no yes
Berger, 199028 yes no yes yes yes yes yes yes yes yes ? yes yes no
Jonsbu, 199129 yes yes yes yes yes yes yes yes yes yes ? yes no no
Gaston-Johansson, 199130 yes no yes yes yes yes yes yes yes ? ? yes no no
Hartford, 199331 yes no yes yes yes yes yes yes yes yes ? yes no yes
Grijseels, 199532 yes yes yes yes yes yes yes yes yes yes ? yes no yes
Everts, 199633 yes no yes yes yes yes yes yes yes ? ? yes no no
Pfister, 199734 yes yes yes yes yes yes yes no no yes no yes no yes
Lopez-Jiminez, 199835 yes yes yes yes yes yes yes yes yes yes yes yes no no
Pope, 199836 yes yes yes yes yes yes yes yes yes ? ? yes yes no
Graff, 200037 yes yes no yes ? ? yes yes no ? ? yes no no
Milner, 200138 yes yes yes yes yes yes yes yes yes ? yes yes no yes
Herlitz, 200239 yes yes yes yes yes yes yes yes yes yes ? yes no no
Goodacre, 200240 yes yes yes yes yes yes yes yes yes yes ? yes no yes
Baxt, 200241 yes yes yes yes yes yes yes yes yes ? ? yes yes no
Albarran, 200242 yes yes yes yes yes yes yes yes yes ? ? yes no no
Vodopiutz, 200243 yes yes yes yes yes yes yes yes yes ? ? yes no yes
Svensson, 200344 yes yes yes yes yes yes yes yes yes yes no yes no no
Goodacre, 200345 yes yes yes yes yes yes yes yes yes yes ? yes no yes
Christenson, 200646 yes yes yes yes yes yes yes yes yes yes yes yes yes yes
Appendix 2. Qualification of the articles with the QUADAS tool.
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Sample Mean Reference
Study Design size % AMI age % males Setting Inclusion Exclusion standard AMI
Säwe, 197119,a Prospective 137 39 62 67 CCU Central chest pain Known valvular lesion, Q-wave and/or
consecutive (>15 m, <48 hr) or acute hypovolaemia or ST elevation or
pulmonary oedema intoxication, syncope GOT, GPT, LDH
or shock or syncope without ECG changes, necropsy
or status anginosus evidence of AMI
Säwe, 197220,a Prospective 921 49 65 60 CCU Central chest pain Known valvular lesion, Q-wave and/or
consecutive (>15 m, <48 hr) or acute hypovolaemia ST elevation or
pulmonary oedema or intoxication, GOT, GPT, LDH
or shock or syncope syncope changes or autopsy
or status anginosus without ECG findings myocardial
evidence of AMI necrosis
Van der Does, Prospective 1343 7 54 55 GP Recent chest pain <25 yr women, WHO criteria for AMI,
et al, 198021 consecutive or dyspnoea, <20 yr men at least 4 pts score:
palpitations or ECG typical-2pt,
dizziness or syncope suspect-1pt, ditto
upper abdominal pain symptoms and
or mood changes enzymes
Short, 198122 Prospective ? 456 40 62 57 Car One or more attacks Ill enough for History and ECG
of spontaneous hospitalisation or (Minnesota code)
chest pain and who diagnosis of coronary or twice limit AAT
were referred for disease regarded at 24–48 hr
cardiology opinion as definite after onset
Lee, et al, Prospective 596 17 56 48 ED Chief complaint of Local trauma, One of: characteristic
198523 consecutive anterior, precordial or abnormalities on evolution of enzyme
left lateral chest pain chest X-ray, <25 yr levels (CK-MB
or LDH or CK) or
Q-waves
of scintiscan
Tierney, et al, Prospective ? 492 12 ? ? ED Anterior chest pain <30 yr men, When cardiac enzyme
198624 as one of their <40 yr female CK elevated
complaints and CK-MB
>4% or LDH1> (or
equal) LDH or when
no enzyme: new
abnormal Q-wave
Herlihy, et al, Prospective 265 44 ? ? CCU Chest pain and Illness or medication CK and ECG
198726 consecutive electrographic that could produce
changes nausea, with
thrombolytic medication
Solomon, et al, Prospective 7734 14 ? 50 ED Chief complaint of Local trauma, One of:
198927 consecutive anterior, precordial abnormalities on characteristics
or left lateral chest X-ray, evolution of
chest pain <30 yr, >4 visit enzyme levels
(CK-MB or LDH or
CK), Q-waves,
scintiscan, sudden
unexplained
death within 72 hr
Berger, et al, Prospective 278 36 57 69 CCU Admitted to the Trauma, Chest pain, ECG
199028 consecutive hospital, complaining transferred changes indicating
chiefly of chest pain from other myocardial infarction,
hospital with a significant CK
diagnosis elevation
Jonsbu, et al, Prospective 200 37 ? ? CCU Admitted to hospital Unable to give Clinical history, ECD
199129 consecutive with suspected acute reliable medical signs, enzyme activity,
heart disease history ventriculography,
scintigraphy, autopsy
Gaston- Prospective 94 40 ? 71 CCU Chest pain >75 yr, cardiogenic Two of: typical clinical
Johansson, consecutive suggesting AMI shock symptoms and chest
et al,199130 pain > 15 mins, AAT or
CK elevations, Q
waves ST elevation
or T inversion
Appendix 3. Characteristics of acute myocardial infarction (AMI) included studies.
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Sample Mean Reference
Study Design size % AMI age % males Setting Inclusion Exclusion standard AMI
Säwe, 197119,a Prospective 137 39 62 67 CCU Central chest pain Known valvular lesion, Q-wave and/or
consecutive (>15 m, <48 hr) or acute hypovolaemia or ST elevation or
pulmonary oedema intoxication, syncope GOT, GPT, LDH
or shock or syncope without ECG changes, necropsy
or status anginosus evidence of AMI
Säwe, 197220,a Prospective 921 49 65 60 CCU Central chest pain Known valvular lesion, Q-wave and/or
consecutive (>15 m, <48 hr) or acute hypovolaemia ST elevation or
pulmonary oedema or intoxication, GOT, GPT, LDH
or shock or syncope syncope changes or autopsy
or status anginosus without ECG findings myocardial
evidence of AMI necrosis
Van der Does, Prospective 1343 7 54 55 GP Recent chest pain <25 yr women, WHO criteria for AMI,
et al, 198021 consecutive or dyspnoea, <20 yr men at least 4 pts score:
palpitations or ECG typical-2pt,
dizziness or syncope suspect-1pt, ditto
upper abdominal pain symptoms and
or mood changes enzymes
Short, 198122 Prospective ? 456 40 62 57 Car One or more attacks Ill enough for History and ECG
of spontaneous hospitalisation or (Minnesota code)
chest pain and who diagnosis of coronary or twice limit AAT
were referred for disease regarded at 24–48 hr
cardiology opinion as definite after onset
Lee, et al, Prospective 596 17 56 48 ED Chief complaint of Local trauma, One of: characteristic
198523 consecutive anterior, precordial or abnormalities on evolution of enzyme
left lateral chest pain chest X-ray, <25 yr levels (CK-MB
or LDH or CK) or
Q-waves
of scintiscan
Tierney, et al, Prospective ? 492 12 ? ? ED Anterior chest pain <30 yr men, When cardiac enzyme
198624 as one of their <40 yr female CK elevated
complaints and CK-MB
>4% or LDH1> (or
equal) LDH or when
no enzyme: new
abnormal Q-wave
Herlihy, et al, Prospective 265 44 ? ? CCU Chest pain and Illness or medication CK and ECG
198726 consecutive electrographic that could produce
changes nausea, with
thrombolytic medication
Solomon, et al, Prospective 7734 14 ? 50 ED Chief complaint of Local trauma, One of:
198927 consecutive anterior, precordial abnormalities on characteristics
or left lateral chest X-ray, evolution of
chest pain <30 yr, >4 visit enzyme levels
(CK-MB or LDH or
CK), Q-waves,
scintiscan, sudden
unexplained
death within 72 hr
Berger, et al, Prospective 278 36 57 69 CCU Admitted to the Trauma, Chest pain, ECG
199028 consecutive hospital, complaining transferred changes indicating
chiefly of chest pain from other myocardial infarction,
hospital with a significant CK
diagnosis elevation
Jonsbu, et al, Prospective 200 37 ? ? CCU Admitted to hospital Unable to give Clinical history, ECD
199129 consecutive with suspected acute reliable medical signs, enzyme activity,
heart disease history ventriculography,
scintigraphy, autopsy
Gaston- Prospective 94 40 ? 71 CCU Chest pain >75 yr, cardiogenic Two of: typical clinical
Johansson, consecutive suggesting AMI shock symptoms and chest
et al,199130 pain > 15 mins, AAT or
CK elevations, Q
waves ST elevation
or T inversion
Appendix 3. Characteristics of acute myocardial infarction (AMI) included studies.
30 British Journal of General Practice, February 2008 iv
Hartford, et al, Prospective 226 48 ? ? CCU Because of Very poor Two of three:
199331 consecutive suspected AMI clinical condition, chest pain >
does not 15 min,
understand Swedish aminotransferase,
new Q-waves
in two leads
Everts, et al, Prospective 902 50 64 71 CCU Chest pain Hypotension, Two of three:
199633 consecutive with possible AMI severe congestive chest pain
heart failure, >15 min,
severe UA, aminotranferase,
cognitive new Q-waves in
limitation, language two leads
Pfister, et al, Prospective 327 18 64 65 ED Chest pain <20 yr, trauma At least two
199734 consecutive (>10 min), irradiation of: history,
(epigastric, jaw, ECG, CK-MB
L extremity)
during angina,
dyspnoea, non-
traumatic or toxic
cardiac arrest
Lopez-Jiminez Prospective 2694 6 ? 45 ED Chief complaint Local trauma, One of:
et al, 199835 consecutive of chest pain abnormalities on characteristics
chest X-ray, <30 yr, evolution of enzyme
>4 visit, prior AMI, levels (CK-MB or
A, PTCA, bypass LDH or CK), Q-
waves, scintiscan,
sudden unexplained
death within 72 hr
Pope, et al, Prospective 10 689 8 59 52 ED Chief complaint <30yr, 18yr WHO criteria
199836 consecutive chest, left arm, if suspected to for AMI
jaw or epigastric have used cocaine
pain or discomfort,
dyspnoea, dizziness,
palpitations or other
symptoms suggestive
of acute ischemia
Graff, et al, Prospective 10 678 2 ? ? ED All patients No ICD-9-CM 410.
200037 consecutive with possible 01/11/21/31/41/
AMI were a 51/61/71/81/91
rapid ECG
was performed
Herlitz, et al, Retrospective 930 14 71 51 Para Chest pain or No Two of: chest
200239 consecutive slightest suspicion pain >15 min, CK
of an acute coronary more than twice
syndrome upper limit, Q-waves
Goodacre, et al, Prospective 893 4 53 62 CPOU Chest pain <25 yr, trauma, new WHO criteria
200240 consecutive (patients at low risk) ECG changes for AMI
consistent with ischemia,
comorbidity necessitating
hospitalisation,definite
unstable angina
Baxt, et al, Prospective 2204 6 53 40 ED Anterior chest pain <24 yr European Society
200241 16/ day prompting an ECG of Cardiology criteria
Albarran, et al, Prospective 541 48 ? 68 CCU Acute chest Pain >24 hr, Troponin I >6 ng/ml
200242 consecutive pain <18 yr, no English and ECG changes
Svensson, et al, Prospective 538 29 69 58 Para Chest pain or Lung disease Two of: typical
200344 consecutive discomfort >15 min, symptoms, Q-
within last 6 hr, waves, CK-MB>
dyspnoea, or any 10 ng/ml or troponin
condition suggesting acute >0.05 ng/ml
coronary syndrome
aThe patients of the first article are part of the second study. The signs and symptoms discussed in the two studies are different. Car = cardiologist; CCU = coronary
care unit or admitted to hospital, CPOU = chest pain observation unit, ECD = electrocardiogram, ED = emergency department, Para = paramedics of an ambulance.
A = angina. AAT = aspartate aminotransferase. AMI = acute myocardial infarction. CK = creatine kinase. CK-MB = CK isoenzyme. ECG = echocardiogram. GOT =
aspartate aminotransferase. GPT = alanine transferase. ICD = International Classification of Diseases. LDH = lactate dehydrogenase. LDH1 = lactate dehydrogenase
isoenzyme 1. UA = unstable angina. WHO = World Health Organization.
Appendix 3 continued: Characteristics of acute myocardial infarction (AMI) included studies.
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Sample Mean % Reference
Study Design size % ACS age Males Setting Inclusion Exclusion Standard
Lee, et al, Prospective 596 41 56 48 ED Chief complaint Local trauma, AMI: one of
198523 consecutive of anterior, abnormalities on characteristic
precordial or left chest X-ray, <25 yr evolution of enzyme
lateral chest pain levels (CK-MB,
LDH, CK), Q-waves,
scintiscan. UA: chest
pain worse or new
and diagnosis was
made by a senior
clinician
Hargarten, Retrospective 401 57 65 ? Para ‘Stable’ Heart failure, rhythm AMI: ST-
et al, 198725 consecutive chest pain problems, hypotension elevation followed
by T-inversion
(at least two
leads), CPK-MB,
LDH ration, autopsy
pyrophosphate scan
UA: no
Grijseels, Prospective 1005 42 67 54 GP Symptoms of No AMI: standard
et al, 199532 consecutive possible cardiac history, ECG,
origin seen by GP enzyme criteria
and transferred UA: angina with
increasing frequency
and severity and new
recent onset with
documentation of ST
-T changes at rest,
abnormal stress test
or coronary
arteriogram
Pope, et al, Prospective 10689 23 59 52 ED Chief complaint <30 yr, 18 yr if AMI:
199836 consecutive of chest, left arm, suspected to have WHO criteria
jaw or epigastric used cocaine for AMI
pain or discomfort, UA: Canadian
dyspnoea, dizziness, Cardiovascular
palpitations or other Society
symptoms suggestive classification criteria
of acute ischemia
Milner, et al, Prospective 531 40 60 53 ED >45 yr and one <45 yr AMI: elevated
200138 consecutive symptom suggestive without diabetes cardiac enzymes
of ACS, or 18–44 yr or <18 yr (CK-MB). UA:
if diabetes and two with diabetes ECG changes
risk factors (ST, T) and no
cardiac enzymes
elevation
Herlitz, et al, Retrospective 930 30 71 51 Para Chest pain or No AMI: two of
200239 consecutive slightest suspicion chest pain>15 min, CK
of an acute more than twice
coronary syndrome upper limit, Q-wave
A: according to
clinical judgement
Goodacre, et al, Prospective 893 9 53 62 CPOU Chest pain <25 yr, AMI: WHO criteria
200240 consecutive (patients at low risk) trauma, new ECG for AMI. ACS: present
changes consistent or in following
with ischemia, 6 months: AMI,
comorbidity necessitating cardiac death,
hospitalisation, definite arrhythmia or
unstable angina revascularisation
Vodopiutz, et al, Prospective 92 47 62 48 CCU Admitted because Refused, too sick, AMI: angio, autopsy,
200243 at random of chest pain as language problems scintigraphy,
main symptom echocardio, ECG
and enzyme
kinetics UA: no
Appendix 4. Characteristics of acute coronary syndrome = acute myocardial infarction + unstable angina
included studies.
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Sample Mean % Reference
Study Design size % ACS age Males Setting Inclusion Exclusion Standard
Lee, et al, Prospective 596 41 56 48 ED Chief complaint Local trauma, AMI: one of
198523 consecutive of anterior, abnormalities on characteristic
precordial or left chest X-ray, <25 yr evolution of enzyme
lateral chest pain levels (CK-MB,
LDH, CK), Q-waves,
scintiscan. UA: chest
pain worse or new
and diagnosis was
made by a senior
clinician
Hargarten, Retrospective 401 57 65 ? Para ‘Stable’ Heart failure, rhythm AMI: ST-
et al, 198725 consecutive chest pain problems, hypotension elevation followed
by T-inversion
(at least two
leads), CPK-MB,
LDH ration, autopsy
pyrophosphate scan
UA: no
Grijseels, Prospective 1005 42 67 54 GP Symptoms of No AMI: standard
et al, 199532 consecutive possible cardiac history, ECG,
origin seen by GP enzyme criteria
and transferred UA: angina with
increasing frequency
and severity and new
recent onset with
documentation of ST
-T changes at rest,
abnormal stress test
or coronary
arteriogram
Pope, et al, Prospective 10689 23 59 52 ED Chief complaint <30 yr, 18 yr if AMI:
199836 consecutive of chest, left arm, suspected to have WHO criteria
jaw or epigastric used cocaine for AMI
pain or discomfort, UA: Canadian
dyspnoea, dizziness, Cardiovascular
palpitations or other Society
symptoms suggestive classification criteria
of acute ischemia
Milner, et al, Prospective 531 40 60 53 ED >45 yr and one <45 yr AMI: elevated
200138 consecutive symptom suggestive without diabetes cardiac enzymes
of ACS, or 18–44 yr or <18 yr (CK-MB). UA:
if diabetes and two with diabetes ECG changes
risk factors (ST, T) and no
cardiac enzymes
elevation
Herlitz, et al, Retrospective 930 30 71 51 Para Chest pain or No AMI: two of
200239 consecutive slightest suspicion chest pain>15 min, CK
of an acute more than twice
coronary syndrome upper limit, Q-wave
A: according to
clinical judgement
Goodacre, et al, Prospective 893 9 53 62 CPOU Chest pain <25 yr, AMI: WHO criteria
200240 consecutive (patients at low risk) trauma, new ECG for AMI. ACS: present
changes consistent or in following
with ischemia, 6 months: AMI,
comorbidity necessitating cardiac death,
hospitalisation, definite arrhythmia or
unstable angina revascularisation
Vodopiutz, et al, Prospective 92 47 62 48 CCU Admitted because Refused, too sick, AMI: angio, autopsy,
200243 at random of chest pain as language problems scintigraphy,
main symptom echocardio, ECG
and enzyme
kinetics UA: no
Appendix 4. Characteristics of acute coronary syndrome = acute myocardial infarction + unstable angina
included studies.
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Svensson, et al, Prospective 538 57 69 58 Para Due to chest Lung AMI: two of:
200344 consecutive pain or discomfort disease typical symptoms,
>15 min, within Q-waves, CK-MB
last 6 hr, dyspnoea, >10 ng/ml or
or any condition troponin >0.05 ng/ml
suggesting acute Myocardial ischemia:
CS dynamic changes
ECG, no increase
biochemical markers
Goodacre, et al, Prospective 972 8 50 64 ED ‘Undifferentiated Evidence of ACS: any elevation
200345 consecutive chest ACS (ECG or of T (after 2 days)
pain’ all patients clear clinical) or after 30 days:
attending requiring admission, cardiac death, non-
with chest pain clear non-cardiac fatal myocardial
or related cause no infarction, new-
complaint (low risk) informed consent onset heart failure,
life-threatening
arrhythmia
or coronary
revascularisation
procedure
Christenson, Prospective 769 21 58 62 ED Primary complaint <25 yr, traumatic AMI: one of
et al, 200646 7am–10pm of anterior or or XR- evident 1) CK-MB increase
lateral chest pain cause, enrolled definite for AMI
in study 30 days (specific hospital
previously, criteria) or troponin I
communication >1.0 µg/l
problems, no 2) troponin I increase
fixed address in (<1.0) and ECG
British Columbia, changes (ischemia),
without available coronary angiogram
telephone >70% lesion, positive
contact stress test or urgent
revascularisation
3) ECG evolution
consistent AMI
4) fibrinolytic therapy
or angioplasty with
clinical diagnosis of
AMI 5) death with no
other definite cause.
UA: chest pain of
20 min at least and
one of: 1) troponin I
increase to 0.99
maximum and no
other AMI criteria
2) dynamic ECG
changes (ischemia)
(ST or T), but not
persistent ST
elevation 3) coronary
angiogram
(70% lesions) and
hospital admission
4) positive stress test
and hospital
admission
Car = cardiologist; CCU = coronary care unit or admitted to hospital, CPOU = chest pain observation unit, ECD = electrocardiogram, ED = emergency department,
Para = paramedics of an ambulance. ACS = acute coronary syndrome. AMI = acute myocardial infarction. CK = creatine kinase. CK-MB = CK isoenzyme. CS =
coronary syndrome. ECG = echocardiogram. LDH = lactate dehydrogenase. UA = unstable angina. WHO = World Health Organization. XR = X-rays.
Appendix 4 continued. Characteristics of acute coronary syndrome = acute myocardial infarction +
unstable angina included studies.
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Acute myocardial infarction Acute myocardial infarction
Non-selected patients Selected patients
Symptom 95% CI I²a (%) 95%CI I²a (%)
Pain in left arm and/or shoulder
Not selected41 Sensitivity 33 25.4 to 41.8 – 54 50.2 to 56.9 0
Selected19,28,30,33,42 Specificity 76.3 74.5 to 78.2 – 65 56.4 to 72.8 87
LR+ 1.42 1.10 to 1.83 – 1.49 1.20 to 1.85 71
LR– 0.87 0.77 to 0.99 – 0.76 0.66 to 0.88 57
OR 1.631 12 to 2.39 – 2.00 1.39 to 2.88 65
Pain in right arm and/or shoulder
Not selected24 Sensitivity 15 5.9 to 23.7 – 32 25.1 to 40.8 77
Selected19,28,30,33,42 Specificity 95 92.8 to 97.0 – 86 78.4 to 91.2 85
LR+ 2.89 1.40 to 5.98 – 2.35 1.44 to 3.84 80
LR– 0.90 0.81 to 1.00 – 0.81 0.66 to 1.00 96
OR 3.22 1.41 to 7.36 – 3.09 1.63 to 5.85 80
Pain in both arms
Not selected (n/a) Sensitivity 32 25.1 to 40.8 77
Selected19 Specificity 86 78.4 to 91.2 85
LR+ 2.35 1.44 to 3.84 80
LR– 0.81 0.66 to 1.00 96
OR 3.09 1.63 to 5.85 80
Pain in neck
Not selected41 Sensitivity 14 8.2 to 20.4 – 24 18.3 to 30.2 65
Selected30,33,42 Specificity 90 89.0 to 91.6 – 75 71.6 to 77.7 0
LR+ 1.48 0.94 to 2.31 – 0.99 0.83 to 1.17 0
LR– 0.95 0.88 to 1.02 – 1.00 0.95 to 1.07 0
OR 1.55 0.92 to 2.61 – 0.98 0.78 to 1.23 0
Pain in back
Not selected (n/a) Sensitivity 25 22.0 to 28.2 0
Selected30,33,42 Specificity 71 66.4 to 75.6 45
LR+ 0.84 0.62 to 1.14 59
LR– 1.07 0.96 to 1.19 60
OR 0.78 0.52 to 1.19 59
Epigastric pain
Not selected23 Sensitivity 10 3.9 to 15.3 – 5 2.1 to 10.8 89
Selected34,36,37,39 Specificity 93 91.1 to 95.2 – 91 85.0 to 95.4 99
LR+ 1.44 0.73 to 2.83 – 0.73 0.61 to 0.87 0
LR– 0.97 0.91 to 1.04 – 1.04 1.02 to 1.05 0
OR 1.49 0.71 to 3.12 – 0.69 0.57 to 0.85 0
Oppressive pain
Not selected23,24,27,35,41 Sensitivity 60 53.7 to 66.0 77 77 71.3 to 81.2 0
Selected28,29,31 Specificity 58 55.0 to 60.2 87 35 28.7 to 41.3 48
LR+ 1.42 1.32 to 1.53 36 1.79 1.07 to 1.30 0
LR– 0.69 0.61 to 0.80 64 0.70 0.52 to 0.86 0
OR 2.06 1.60 to 2.53 51 1.77 1.25 to 2.51 0
Vomiting and/or nausea
Not selected24,36,39,41 Sensitivity 34 25.3 to 44.1 84 29 12.5 to 51.5 97
Selected20,22,26,28,29 Specificity 77 71.1 to 81.3 97 81 76.6 to 85.1 73
LR+ 1.41 1.17 to 1.72 64 1.42 0.76 to 2.64 92
LR– 0.83 0.83 to 0.96 52 0.82 0.66 to 1.03 94
OR 1.62 1.22 ro 2.14 59 1.73 0.71 to 4.12 93
Sweating
Not selected21,24,27,39,41,44 Sensitivity 45 36.0 to 54.0 91 41 22.9 to 60.5 95
Selected20,22,29,31 Specificity 84 78.6 to 88.0 97 85 69.2 to 94.7 98
LR+ 2.92 1.97 to 4.32 95 2.44 1.42 to 4.20 81
LR– 0.69 0.60 to 0.78 81 0.72 0.56 to 0.91 90
OR 4.54 2.47 to 8.36 94 3.81 1.88 to 7.70 83
Absence of chest wall tenderness
Not selected23,24,27,35 Sensitivity 92 85.5 to 96.4 89
Selected (n/a) Specificity 36 20.5 to 51.8 99
LR+ 1.47 1.23 to 1.75 97
LR– 0.23 0.18 to 0.29 0
OR 0.17 0.12 to 0.23 26
aI² = 100% x (Q-df)/Q, where Q is Cochran’s heterogeneity statistic and df the degrees of freedom. LR+ = positive likelihood ratio. LR– = negative likelihood ratio.
OR = odds ratio.
Appendix 5. Pooled sensitivity, specificity, positive and negative likelihood ratios, odds ratios of signs
and symptoms for acute myocardial infarction in patient groups.
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Acute myocardial infarction Acute myocardial infarction
Non-selected patients Selected patients
Symptom 95% CI I²a (%) 95%CI I²a (%)
Pain in left arm and/or shoulder
Not selected41 Sensitivity 33 25.4 to 41.8 – 54 50.2 to 56.9 0
Selected19,28,30,33,42 Specificity 76.3 74.5 to 78.2 – 65 56.4 to 72.8 87
LR+ 1.42 1.10 to 1.83 – 1.49 1.20 to 1.85 71
LR– 0.87 0.77 to 0.99 – 0.76 0.66 to 0.88 57
OR 1.631 12 to 2.39 – 2.00 1.39 to 2.88 65
Pain in right arm and/or shoulder
Not selected24 Sensitivity 15 5.9 to 23.7 – 32 25.1 to 40.8 77
Selected19,28,30,33,42 Specificity 95 92.8 to 97.0 – 86 78.4 to 91.2 85
LR+ 2.89 1.40 to 5.98 – 2.35 1.44 to 3.84 80
LR– 0.90 0.81 to 1.00 – 0.81 0.66 to 1.00 96
OR 3.22 1.41 to 7.36 – 3.09 1.63 to 5.85 80
Pain in both arms
Not selected (n/a) Sensitivity 32 25.1 to 40.8 77
Selected19 Specificity 86 78.4 to 91.2 85
LR+ 2.35 1.44 to 3.84 80
LR– 0.81 0.66 to 1.00 96
OR 3.09 1.63 to 5.85 80
Pain in neck
Not selected41 Sensitivity 14 8.2 to 20.4 – 24 18.3 to 30.2 65
Selected30,33,42 Specificity 90 89.0 to 91.6 – 75 71.6 to 77.7 0
LR+ 1.48 0.94 to 2.31 – 0.99 0.83 to 1.17 0
LR– 0.95 0.88 to 1.02 – 1.00 0.95 to 1.07 0
OR 1.55 0.92 to 2.61 – 0.98 0.78 to 1.23 0
Pain in back
Not selected (n/a) Sensitivity 25 22.0 to 28.2 0
Selected30,33,42 Specificity 71 66.4 to 75.6 45
LR+ 0.84 0.62 to 1.14 59
LR– 1.07 0.96 to 1.19 60
OR 0.78 0.52 to 1.19 59
Epigastric pain
Not selected23 Sensitivity 10 3.9 to 15.3 – 5 2.1 to 10.8 89
Selected34,36,37,39 Specificity 93 91.1 to 95.2 – 91 85.0 to 95.4 99
LR+ 1.44 0.73 to 2.83 – 0.73 0.61 to 0.87 0
LR– 0.97 0.91 to 1.04 – 1.04 1.02 to 1.05 0
OR 1.49 0.71 to 3.12 – 0.69 0.57 to 0.85 0
Oppressive pain
Not selected23,24,27,35,41 Sensitivity 60 53.7 to 66.0 77 77 71.3 to 81.2 0
Selected28,29,31 Specificity 58 55.0 to 60.2 87 35 28.7 to 41.3 48
LR+ 1.42 1.32 to 1.53 36 1.79 1.07 to 1.30 0
LR– 0.69 0.61 to 0.80 64 0.70 0.52 to 0.86 0
OR 2.06 1.60 to 2.53 51 1.77 1.25 to 2.51 0
Vomiting and/or nausea
Not selected24,36,39,41 Sensitivity 34 25.3 to 44.1 84 29 12.5 to 51.5 97
Selected20,22,26,28,29 Specificity 77 71.1 to 81.3 97 81 76.6 to 85.1 73
LR+ 1.41 1.17 to 1.72 64 1.42 0.76 to 2.64 92
LR– 0.83 0.83 to 0.96 52 0.82 0.66 to 1.03 94
OR 1.62 1.22 ro 2.14 59 1.73 0.71 to 4.12 93
Sweating
Not selected21,24,27,39,41,44 Sensitivity 45 36.0 to 54.0 91 41 22.9 to 60.5 95
Selected20,22,29,31 Specificity 84 78.6 to 88.0 97 85 69.2 to 94.7 98
LR+ 2.92 1.97 to 4.32 95 2.44 1.42 to 4.20 81
LR– 0.69 0.60 to 0.78 81 0.72 0.56 to 0.91 90
OR 4.54 2.47 to 8.36 94 3.81 1.88 to 7.70 83
Absence of chest wall tenderness
Not selected23,24,27,35 Sensitivity 92 85.5 to 96.4 89
Selected (n/a) Specificity 36 20.5 to 51.8 99
LR+ 1.47 1.23 to 1.75 97
LR– 0.23 0.18 to 0.29 0
OR 0.17 0.12 to 0.23 26
aI² = 100% x (Q-df)/Q, where Q is Cochran’s heterogeneity statistic and df the degrees of freedom. LR+ = positive likelihood ratio. LR– = negative likelihood ratio.
OR = odds ratio.
Appendix 5. Pooled sensitivity, specificity, positive and negative likelihood ratios, odds ratios of signs
and symptoms for acute myocardial infarction in patient groups.
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Acute coronary syndrome Acute coronary syndrome
Non-selected patients Selected patients
Symptom 95% CI I²a (%) 95%CI I²a (%)
Pain in left arm and/or shoulder
Not selected38,45,46 Sensitivity 38 18.6 to 59.5 95
Selected (n/a) Specificity 71 56.9 to 82.6 97
LR+ 1.30 1.13 to 1.47 0
LR– 0.88 0.78 to 1.00 58
OR 1.50 1.19 to 1.90 0
Pain in right arm and/or shoulder
Not selected45 Sensitivity 18 9.6 to 26.2 – 23 10.6 to 35.9 –
Selected43 Specificity 95 93.8 to 96.1 – 94 87.2 to 100 –
LR+ 3.78 2.17 to 6.60 – 3.80 1.12 to 12.91 –
LR– 0.86 0.77 to 0.96 – 0.82 0.98 to 0.98 –
OR 4.40 2.29 to 8.48 – 46.5 1.19 to 18.20 –
Pain in neck
Not selected46 Sensitivity 35 27.9 to 42.4 –
Selected (n/a) Specificity 76 72.2 to 79.1 –
LR+ 1.44 1.12 to 1.86 –
LR– 0.86 0.76 to 0.97 –
OR 1.69 1.16 to 2.44 –
Pain in back
Not selected38,45 Sensitivity 13 2.8 to 34.3 86 29 15.3 to 43.2 –
Selected43 Specificity 76 26.7 to 98.6 98 49 35.0 to 63.0 –
ACS38,43,45 LR+ 1.49 0.62 to 3.56 80 0.57 0.33 to 0.99 –
LR– 0.93 0.77 to 1.13 87 1.44 1.02 to 2.04 –
OR 1.59 0.58 to 4.37 80 0.40 0.17 to 0.90 –
Epigastric pain
Not selected23,36,39,45 Sensitivity 12 5.4 to 20.8 97
Selected (n/a) Specificity 89 82.9 to 94.1 98
LR+ 1.05 0.35 to 3.20 97
LR– 0.98 0.88 to 1.08 97
OR 1.08 0.31 to 3.74 97
Oppressive pain56
Not selected23 Sensitivity 56 49.7 to 62.1 – 79 66.9 to 91.2 –
Selected43 Specificity 67 61.8 to 71.7 – 39 25.1 to 52.4 –
LR+ 1.68 1.40 to 2.02 – 1.29 0.99 to 1.69 –
LR– 0.66 0.56 to 0.77 – 0.54 0.27 to 1.06 –
OR 2.54 1.82 to 3.56 – 2.39 0.94 to 6.08 –
Vomiting and/or nausea
Not selected25,36,38,39,44,45 Sensitivity 26 20.7 to 32.2 91
Selected (n/a) Specificity 82 74.1 to 88.4 98
LR+ 1.32 1.09 to 1.65 68
LR– 0.93 0.89 to 0.96 35
OR 1.43 1.14 to 1.81 63
Sweating
Not selected32,38,39,44 Sensitivity 43 32.2 to 64.9 98
Selected (n/a) Specificity 68 44.0 to 86.5 99
LR+ 1.34 1.09 to 1.65 76
LR– 0.85 0.79 to 0.92 40
OR 1.65 1.39 to 1.95 0
Absence of chest-wall tenderness
Not selected23,24 Sensitivity 94 91.4 to 96.1 0
Selected (n/a) Specificity 33 19.7 to 47.9 96
LR+ 1.41 1.12 to 1.78 94
LR– 0.17 0.11 to 0.26 0
OR 0.12 7.0 to 21.0 34
Note: Pain in both arms — not applicable. aI²=100% x (Q-df)/Q, where Q is Cochran’s heterogeneity statistic and df the degrees of freedom. ACS = acute
coronary syndrome. LR+ = positive likelihood ratio. LR– = negative likelihood ratio. OR = odds ratio.
Appendix 6. Pooled sensitivity, specificity, positive and negative likelihood ratios, odds ratios of signs
and symptoms for acute coronary syndrome in patients groups.
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Abstract
Background: Prompt diagnosis of an acute coronary syndrome is very important and urgent
referral to a hospital is imperative because fast treatment can be life-saving and increase the
patient's life expectancy and quality of life. The aim of our study was to identify GPs' reasons for
referring or not referring patients presenting with chest pain.
Methods: In a semi-structured interview, 21 GPs were asked to describe why they do or do not
refer a patient presenting with chest pain. Interviews were taped, transcribed and qualitatively
analysed.
Results: Histories of 21 patients were studied. Six were not referred, seven were referred to a
cardiologist and eight to the emergency department. GPs' reasons for referral were background
knowledge about the patient, patient's age and cost-benefit estimation, the perception of a negative
attitude from the medical rescue team, recent patient contact with a cardiologist without detection
of a coronary disease and the actual presentation of signs and symptoms, gut feeling, clinical
examination and ECG results.
Conclusion: This study suggests that GPs believe they do not exclusively use the 'classical' signs
and symptoms in their decision-making process for patients presenting with chest pain. Background
knowledge about the patient, GPs' personal ideas and gut feeling are also important.
Background
Chest pain can be a sign of an ischemic or non-ischemic
cardiac disease, a gastro-oesophageal or pulmonary dis-
ease, a musculoskeletal disorder or psychiatric illnesses,
all of which require specific treatment [1-14]. For patients
with an acute coronary syndrome, urgent referral to a hos-
pital is imperative because mortality decreases if throm-
bolysis or PTCA can be carried out quickly [10].
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Severe prolonged chest pain of acute onset accompanied
by other specific symptoms is rarely a decision-making
problem. Attacks of chest pain that are experienced by
patients as not very severe and prolonged, but distressing
enough for them to contact a general practitioner, present
a more difficult problem in diagnosis and management
[15].
In a diagnostic meta-analysis, we were not able to define
an important role for individual signs and symptoms in
the diagnosis of acute myocardial infarction or acute cor-
onary syndrome (ACS), except chest wall tenderness on
palpation, which largely rules out those diseases in low-
prevalence settings [11].
This is confirmed by Abu Hani et al. who found that GPs
use criteria not present in classical textbooks when diag-
nosing acute coronary syndrome (ACS), such as person-
specific discrepancies between previous and actual con-
sultations.
Pauker and Kassirer defined a threshold as the disease
probability at which no action changes into action (start-
ing medication, performing medical imaging or blood
tests, reassuring the patient), based on the balance
between risks and benefits of acting versus not acting.
Similarly, in patients with chest pain, the GP has to decide
on referral of the patient rather than making a specific
diagnosis of ACS [16,17]. In fact, the diagnosing labelling
'does my patient have an acute coronary syndrome?', is
less important than the action of referral because chest
pain patients with lung embolism or aneurysm should be
referred as well.
However, little is known about the grounds on which GPs
decide to refer a patient with chest pain. The aim of our
study was therefore to identify GPs' reasons for referring
or not referring patients presenting with chest pain.
Methods
We invited 85 GPs in the first author's region (Vilvoorde,
Belgium) by invitation during a local CME meeting, by
personal letter two months later, and by phone-call after
another two months as a reminder, to participate in an
interview-based study exploring why some patients pre-
senting with chest pain were referred and others were not.
To increase the number of participants, we also sent an
email to 320 GPs in the region between Brussels and Ant-
werp. The GPs were asked to call us immediately after see-
ing a patient presenting with chest pain, regardless of their
initial diagnosis and regardless as to whether or not the
patient was referred. Cases were not limited to patients
with an acute coronary syndrome, but the GPs were
actively encouraged to include any patient consulting
with chest pain.
All interviews were carried out within at most two days
after the contact, usually at the GP's office. The semi-struc-
tured interview consisted of three main questions: how
does the GP act in general when seeing a patient with
chest pain and what is considered important when refer-
ring or not referring a patient; how would the GP describe
this specific patient and what actions were or were not
undertaken for which reasons; and how does the GP cope
when confronted when making an incorrect decision con-
cerning a patient with chest pain. A more detailed list is
given in Table 1. However, the semi-structured nature of
the interview meant that the interviewer consistently
encouraged the GP to focus and go into more detail. The
list of questions was only there to prevent omissions in
the topics to be addressed. For each result reported, we
provide a textual transcription, enabling the reader to
Table 1: Structure of the interview.
1 When you see a patient presenting with chest pain, what do you do?
2 What did you do with this specific patient?
3 Was there something special?
4 Was there something that scared you?
5 Were there alarm signs or symptoms?
6 Were there other arguments that influenced your decision?
7 Were there also non-medical arguments influencing your decision?
8 Were there also arguments contradictory to your decision?
9 There are different ways of referring. Sending patients to the emergency department, yes or no. Ambulance yes or no, emergency rescue 
team, yes or no. Could you explain your decision.
10 This is a neutral question! What arguments do you use for referring patients to the cardiologist or emergency department, for calling an 
ambulance or for calling the emergency rescue team?
11 Were you satisfied with your decision?
12 In the past, had you already made a mistake concerning a patient with chest pain?
13 Was there an emotional influence?
14 Did this change your attitude?
15 What is your opinion of this interview?
16 Would you like to add other questions?
17 Were there any questions you disliked?
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judge whether the statement is sufficiently correct and
specific. All the interviews were led by the first author
(RB). The interviews were transcribed verbatim and
entered into ATLAS.ti 5.0 software to assist data analysis
[18]. Before analysis of the interviews, an initial code-
book, containing four themes, based on the experience as
GP, was developed: history taking, physical examination,
patient-related reasons, GP-related reasons. Then the lead
researcher undertook an inductive stepwise approach to
data analysis. All issues of interest were marked in the
data, and labeled and compared with other interview
excerpts for similarities and differences. The second
researcher independently analyzed all the interviews
based on this codebook, also marking and labeling the
issues of interest. During the analysis the codebook was
adapted with new themes to better classify themes that
emerged. All interviews were analyzed again using this
final codebook by those two researchers. Conflicts were
solved by discussion between two researchers. Data col-
lection was stopped when saturation was achieved,
defined as the identification of no new codes in the last
two interviews. The themes were classified by the first
author (RB) as 'specific for ACS' or 'not specific for ACS'
and also marked in the results section.
The study was approved by the Medical Ethics Commit-
tee/Clinical Research of the Catholic University of Leuven.
(ML 2378)
Results
Saturation was reached after 21 interviews with 21 GPs;
GP characteristics are described in Table 2. Seventeen GPs
were from the local group (response rate: 20%) and four
responded to the email (response rate: 1%). Two inter-
views were badly recorded and not usable. Two GPs
reported on two patients each, thus the interviews
reported on 21 patients of 19 GPs.
Fourteen of these patients were female (mean age 52). Six
were not referred, seven were referred to a cardiologist
(one of them refused) and eight were referred to the emer-
gency department (one of them refused). Of those seven
who accepted referral to the emergency department, three
were transported by relatives, two by their GP and two by
ambulance.[Table 3]
All the GPs interviewed gave very personal accounts of
their reasoning. All the GPs stated the importance of his-
tory taking.
-And then I've actually already got an idea of what it is,
before I investigate further, I'm 95% certain what it is.
(GP17)
The decision reasons mentioned by GPs could be divided
into three general categories:
the GP's background knowledge about the patient, inde-
pendent of the current episode; the current clinical pres-
entation; and the GP's personal ideas.
Background knowledge of the patient
Risk factors for ACS
[specific ACS] Previous coronary events and coronary risk
factors were always considered important factors in the
referral decision. However, two GPs mentioned that the
presence of risk factors is not necessarily indicate ACS.
-and given the medical history, i.e. two bypass opera-
tions, diabetes and high blood pressure, I had reason
enough to think that there was something wrong with
his heart again. (GP5)
-..I've had patients like that in my office, people who
have no risk factors at all and then have a heart attack.
But that's extremely bad luck, unlike an obese diabetic
who hasn't looked after himself for 20 years, who is a
very high risk..(GP17)
Differences in the patient's behavior
[not specific ACS] Discrepancies between previous and
actual consultations were often stated as a trigger for the
diagnosis of heart disease and a reason for referring.
-She's normally an active woman, her house is always
well cared for but that day she hadn't done a thing the
whole day! So that influenced my decision. (GP2)
Patient tends to play down symptoms
[not specific ACS] The belief that the patient tends to play
down the seriousness of his complaints was also an
important factor in the decision-making process. It made
Table 2: GP characteristics.
Gender
Male 18
Female 3
Age 43 (26–52)a
GP in practice 16 (1–27)a
Practice location
Urban 10
Rural 11
Practice organization
Group 3
Duo 6
Solo 9
Trainee 3
Twenty-one GPs interviewed in total
a Mean followed by the range in brackets
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Severe prolonged chest pain of acute onset accompanied
by other specific symptoms is rarely a decision-making
problem. Attacks of chest pain that are experienced by
patients as not very severe and prolonged, but distressing
enough for them to contact a general practitioner, present
a more difficult problem in diagnosis and management
[15].
In a diagnostic meta-analysis, we were not able to define
an important role for individual signs and symptoms in
the diagnosis of acute myocardial infarction or acute cor-
onary syndrome (ACS), except chest wall tenderness on
palpation, which largely rules out those diseases in low-
prevalence settings [11].
This is confirmed by Abu Hani et al. who found that GPs
use criteria not present in classical textbooks when diag-
nosing acute coronary syndrome (ACS), such as person-
specific discrepancies between previous and actual con-
sultations.
Pauker and Kassirer defined a threshold as the disease
probability at which no action changes into action (start-
ing medication, performing medical imaging or blood
tests, reassuring the patient), based on the balance
between risks and benefits of acting versus not acting.
Similarly, in patients with chest pain, the GP has to decide
on referral of the patient rather than making a specific
diagnosis of ACS [16,17]. In fact, the diagnosing labelling
'does my patient have an acute coronary syndrome?', is
less important than the action of referral because chest
pain patients with lung embolism or aneurysm should be
referred as well.
However, little is known about the grounds on which GPs
decide to refer a patient with chest pain. The aim of our
study was therefore to identify GPs' reasons for referring
or not referring patients presenting with chest pain.
Methods
We invited 85 GPs in the first author's region (Vilvoorde,
Belgium) by invitation during a local CME meeting, by
personal letter two months later, and by phone-call after
another two months as a reminder, to participate in an
interview-based study exploring why some patients pre-
senting with chest pain were referred and others were not.
To increase the number of participants, we also sent an
email to 320 GPs in the region between Brussels and Ant-
werp. The GPs were asked to call us immediately after see-
ing a patient presenting with chest pain, regardless of their
initial diagnosis and regardless as to whether or not the
patient was referred. Cases were not limited to patients
with an acute coronary syndrome, but the GPs were
actively encouraged to include any patient consulting
with chest pain.
All interviews were carried out within at most two days
after the contact, usually at the GP's office. The semi-struc-
tured interview consisted of three main questions: how
does the GP act in general when seeing a patient with
chest pain and what is considered important when refer-
ring or not referring a patient; how would the GP describe
this specific patient and what actions were or were not
undertaken for which reasons; and how does the GP cope
when confronted when making an incorrect decision con-
cerning a patient with chest pain. A more detailed list is
given in Table 1. However, the semi-structured nature of
the interview meant that the interviewer consistently
encouraged the GP to focus and go into more detail. The
list of questions was only there to prevent omissions in
the topics to be addressed. For each result reported, we
provide a textual transcription, enabling the reader to
Table 1: Structure of the interview.
1 When you see a patient presenting with chest pain, what do you do?
2 What did you do with this specific patient?
3 Was there something special?
4 Was there something that scared you?
5 Were there alarm signs or symptoms?
6 Were there other arguments that influenced your decision?
7 Were there also non-medical arguments influencing your decision?
8 Were there also arguments contradictory to your decision?
9 There are different ways of referring. Sending patients to the emergency department, yes or no. Ambulance yes or no, emergency rescue 
team, yes or no. Could you explain your decision.
10 This is a neutral question! What arguments do you use for referring patients to the cardiologist or emergency department, for calling an 
ambulance or for calling the emergency rescue team?
11 Were you satisfied with your decision?
12 In the past, had you already made a mistake concerning a patient with chest pain?
13 Was there an emotional influence?
14 Did this change your attitude?
15 What is your opinion of this interview?
16 Would you like to add other questions?
17 Were there any questions you disliked?
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judge whether the statement is sufficiently correct and
specific. All the interviews were led by the first author
(RB). The interviews were transcribed verbatim and
entered into ATLAS.ti 5.0 software to assist data analysis
[18]. Before analysis of the interviews, an initial code-
book, containing four themes, based on the experience as
GP, was developed: history taking, physical examination,
patient-related reasons, GP-related reasons. Then the lead
researcher undertook an inductive stepwise approach to
data analysis. All issues of interest were marked in the
data, and labeled and compared with other interview
excerpts for similarities and differences. The second
researcher independently analyzed all the interviews
based on this codebook, also marking and labeling the
issues of interest. During the analysis the codebook was
adapted with new themes to better classify themes that
emerged. All interviews were analyzed again using this
final codebook by those two researchers. Conflicts were
solved by discussion between two researchers. Data col-
lection was stopped when saturation was achieved,
defined as the identification of no new codes in the last
two interviews. The themes were classified by the first
author (RB) as 'specific for ACS' or 'not specific for ACS'
and also marked in the results section.
The study was approved by the Medical Ethics Commit-
tee/Clinical Research of the Catholic University of Leuven.
(ML 2378)
Results
Saturation was reached after 21 interviews with 21 GPs;
GP characteristics are described in Table 2. Seventeen GPs
were from the local group (response rate: 20%) and four
responded to the email (response rate: 1%). Two inter-
views were badly recorded and not usable. Two GPs
reported on two patients each, thus the interviews
reported on 21 patients of 19 GPs.
Fourteen of these patients were female (mean age 52). Six
were not referred, seven were referred to a cardiologist
(one of them refused) and eight were referred to the emer-
gency department (one of them refused). Of those seven
who accepted referral to the emergency department, three
were transported by relatives, two by their GP and two by
ambulance.[Table 3]
All the GPs interviewed gave very personal accounts of
their reasoning. All the GPs stated the importance of his-
tory taking.
-And then I've actually already got an idea of what it is,
before I investigate further, I'm 95% certain what it is.
(GP17)
The decision reasons mentioned by GPs could be divided
into three general categories:
the GP's background knowledge about the patient, inde-
pendent of the current episode; the current clinical pres-
entation; and the GP's personal ideas.
Background knowledge of the patient
Risk factors for ACS
[specific ACS] Previous coronary events and coronary risk
factors were always considered important factors in the
referral decision. However, two GPs mentioned that the
presence of risk factors is not necessarily indicate ACS.
-and given the medical history, i.e. two bypass opera-
tions, diabetes and high blood pressure, I had reason
enough to think that there was something wrong with
his heart again. (GP5)
-..I've had patients like that in my office, people who
have no risk factors at all and then have a heart attack.
But that's extremely bad luck, unlike an obese diabetic
who hasn't looked after himself for 20 years, who is a
very high risk..(GP17)
Differences in the patient's behavior
[not specific ACS] Discrepancies between previous and
actual consultations were often stated as a trigger for the
diagnosis of heart disease and a reason for referring.
-She's normally an active woman, her house is always
well cared for but that day she hadn't done a thing the
whole day! So that influenced my decision. (GP2)
Patient tends to play down symptoms
[not specific ACS] The belief that the patient tends to play
down the seriousness of his complaints was also an
important factor in the decision-making process. It made
Table 2: GP characteristics.
Gender
Male 18
Female 3
Age 43 (26–52)a
GP in practice 16 (1–27)a
Practice location
Urban 10
Rural 11
Practice organization
Group 3
Duo 6
Solo 9
Trainee 3
Twenty-one GPs interviewed in total
a Mean followed by the range in brackets
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the GP more suspicious about the possibility of a serious
disease needing referral.
-a complainer, but if there's really something physi-
cally wrong, she's so good at pretending there isn't a
problem. (GP8)
Current clinical presentation
Specific pain
[specific ACS] Pain on exertion, radiating pain, oppres-
sion-like pain were of major importance for the decision.
Retrosternal pain was the key for referral. Other localiza-
tions were less important.
-I almost always ask if it feels tight and then I demon-
strate it with my hand, like the tightening of a screw-
driver, or pressure of the foot on the ribcage because I
usually find that specific enough. (GP5)
-I think that if the pain is not retrosternal, for example
if it is lateral, there's a lot less chance of heart prob-
lems. (GP15)
Time factor
[specific ACS] The start, frequency and duration of the
pain are used to decide on referral. Pain of longer dura-
tion, constant or very frequent pain dissuaded GPs from
referring.
-If it lasts longer, one hour or longer or even half a day,
then I find that less alarming; it's more likely to be the
result of stress or something...if it is only 5 minutes,
then I'm much more likely to suspect angina than if it
lasts two hours. (GP20)
-Something that occurs very frequently, several times a
day without being too much of a problem, means it's
a lot less acute in my book. (GP7)
Clinical examination
[specific and not specific ACS] In general, GPs perform the
clinical examination to rule in some diseases such as
rhythm disorders, lung diseases and gastro-intestinal dis-
eases. Chest wall tenderness is mentioned to rule in mus-
culoskeletal diseases. But in the end, the clinical
examination is not considered very influential as regards
the referral decision.
-Just blood pressure, and doing an auscultation as well
to exclude heart arrhythmias, because you never
know. A palpation of the abdomen. An auscultation of
the lungs, it's rare to get thoracic pain of the lungs, so
it would have to be pneumonia that causes the pain.
(GP5)
ECG
[specific ACS] When a GP decides to perform an ECG, it is
mainly used to rule in acute coronary syndrome. In cases
of an abnormal result, this was an important reason to
refer. Sometimes, the combination of a normal ECG, the
absence of risk factors and the presence of pain of longer
duration was used to rule out ACS.
Table 3: Patients' characteristics.
P Nr Age Gender History Action
1 31 M Precordial pain, for 4 weeks already, no risk factors Cardiologist
2 70 F Retrosternal pain, also shoulder and back, since the morning, cholesterol, diabetic. ED, transport by family
3 67 M Oppressive pain, sweating, since the morning, prostate metastasis, ST-elevation ED, transport by GP
4 53 M Oppressive pain, sweating, for minutes, dyspnoea, PTCA ED, transport by ERT
5 75 F Sometimes oppressive pain, for 10 days already, bypass, diabetes Cardiologist
6 30 M Oppressive pain, stress, for weeks, no risk factors No referral
7 82 F Epigastric pain, nightly, for 3 days already. Cholesterol, ECG normal ED, transport by family
8 67 F Angor precordial oppression, for months already, stress Cardiologist
9 80 F Angor precordial oppression, since?, diabetes, cholesterol Cardiologist
10 50 F Precordial oppression, tachypnoea, for 2 days already, familial problems ED, refused
11 65 F Precordial pain, 1 week, angor-like, stress No referral
12 75 F Precordial pain, since?, hypertension Cardiologist
13 50 F Precordial pain, rhythm disorder, one week Cardiologist
14 43 F Precordial pain, also back, since the previous night, ECG ST depletion ED, transport by GP
15 30 F Precordial pain, extrasystole, weeks?, stress No referral
16 80 M Retrosternal pain, hours, CABG antecedents, ECG ST elevation Transport by ambulance
17 67 F Retrosternal pain, only at night, for a week, cholesterol, obesity, diabetes No referral
18 30 M Pain hemithorax, no risk factors No referral
19 82 F Retrosternal pain, hours, CABG antecedents, ECG ST elevation ED, transport by ambulance
20 17 F Retrosternal pain, one day, fever No referral
21 62 M Retrosternal pain, for 10 days already, CABG Cardiologist, refused
M = male, F = female, ED = emergency department, ERT = emergency rescue team
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-At that moment I was pretty sure that it was not an
acute heart attack because I had an ECG of someone at
rest, who had been complaining for a few days; I
would have seen something at that moment if it had
really been a heart attack. (GP5)
The typical coronary heart disease patient
[specific ACS] This picture was used in a positive and a
negative way. If the picture was positive, urgent referral by
ambulance was performed.
-It actually depends a little on how the patient looks.
If they are pale and sweaty, and really don't look well,
then I will always call the medical rescue team. (GP2)
-A young man with pain in the left hemithorax, fre-
quent and daily shooting pain when at rest, not sharp,
just a few seconds. He's not able to move during those
moments and he is anxious. The clinical examination
was completely normal. No ECG was taken; it's prob-
ably something musculoskeletal or perhaps nothing,
just anxiety. (GP18)
Gut feeling
[not specific ACS] Without the 'typical coronary heart dis-
ease patient' picture, the appearance of the patient – their
looks – was often stated as very important in the decision-
making process. It is more than the combination of the
signs and symptoms: it is more like a 'gut feeling'.
-She came in and she was different from usual: she
looked drawn. It was really striking: her countenance
was so sharp. (GP2)
-Basically, if it looks fishy, I refer them immediately.
(GP1)
GP's personal ideas
Uncertainty or explicit certainty
[not specific ACS] Uncertainty as well as explicit certainty
about an acute coronary syndrome were reasons for refer-
ring the patient.
-If I'm not sure and anxious about it, then I refer.
(GP4)
-But I think that if I'm reasonably sure it's a heart
attack, I will always call for the medical rescue team.
(GP4)
Age and cost-benefit
[not specific ACS] Younger patients were referred more
readily to the emergency department than older ones.
Older people were sometimes not referred because the
expected benefit of the referral was considered to be lim-
ited.
-For the whole of society too; why should society pay
so much money if you know that the prognosis is very
limited. Incidentally she died a few days later. (GP17)
Perception by the GP of a negative attitude from the medical rescue 
team towards GPs
[not specific ACS] Some GPs objected to the attitude of
these personnel, which made it more difficult to refer.
-The whole scene; the sirens and waking up all the
neighbours, and those men, my room is too small for
them with their 5 cases and oxygen and you stand
there...And when they remember to think of it, they
ask if you've given the patient anything. (GP18)
Recent contact of the patient with a cardiologist
[specific ACS] If the patient has been given the all-clear by
a cardiologist, can give the GP a false feeling of certainty
about the absence of an acute coronary syndrome and
influence his referral attitude.
-I have to say that I hesitated a little, especially because
he had been to the cardiologist a few days before and
had been told everything was alright. (GP14)
Errors in the past
[specific and not specific ACS] Ten GPs mentioned an
error relating to chest pain patients in the past. The rea-
sons for the error were not recognizing ACS because of
resemblance to gastric problems or chest wall tenderness
on palpation; or because of the patient's behavior, e.g. the
patient is always consulting with minor complaints or
always complaining; and for GP-related reasons, e.g. the
GP waited too long before making a home visit and the
patient was transported by ambulance without the assist-
ance of a medical rescue team. This error created various
feelings such as regret and the realisation of the huge
responsibility. Talking to the family is reported as being
important, but the memory of the error keeps some GPs
awake at night. Some GPs mentioned that an error influ-
ences subsequent decisions, in that they are more careful
and their threshold for action is lower.
-Then I can't go straight to sleep when I come home. I
continue to think about it for a long time. (GP10)
-You feel bad in a way because you made a wrong diag-
nosis, but I don't lie awake at night; this sort of thing
happens, and then it's a case of not justifying yourself
to these people, but instead having a chat with them
about it. (GP21)
-I have to be honest, it sometimes makes me a little
over cautious as well. Then I may be too quick to refer
a patient so as to be sure nothing is missed. (GP17)
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the GP more suspicious about the possibility of a serious
disease needing referral.
-a complainer, but if there's really something physi-
cally wrong, she's so good at pretending there isn't a
problem. (GP8)
Current clinical presentation
Specific pain
[specific ACS] Pain on exertion, radiating pain, oppres-
sion-like pain were of major importance for the decision.
Retrosternal pain was the key for referral. Other localiza-
tions were less important.
-I almost always ask if it feels tight and then I demon-
strate it with my hand, like the tightening of a screw-
driver, or pressure of the foot on the ribcage because I
usually find that specific enough. (GP5)
-I think that if the pain is not retrosternal, for example
if it is lateral, there's a lot less chance of heart prob-
lems. (GP15)
Time factor
[specific ACS] The start, frequency and duration of the
pain are used to decide on referral. Pain of longer dura-
tion, constant or very frequent pain dissuaded GPs from
referring.
-If it lasts longer, one hour or longer or even half a day,
then I find that less alarming; it's more likely to be the
result of stress or something...if it is only 5 minutes,
then I'm much more likely to suspect angina than if it
lasts two hours. (GP20)
-Something that occurs very frequently, several times a
day without being too much of a problem, means it's
a lot less acute in my book. (GP7)
Clinical examination
[specific and not specific ACS] In general, GPs perform the
clinical examination to rule in some diseases such as
rhythm disorders, lung diseases and gastro-intestinal dis-
eases. Chest wall tenderness is mentioned to rule in mus-
culoskeletal diseases. But in the end, the clinical
examination is not considered very influential as regards
the referral decision.
-Just blood pressure, and doing an auscultation as well
to exclude heart arrhythmias, because you never
know. A palpation of the abdomen. An auscultation of
the lungs, it's rare to get thoracic pain of the lungs, so
it would have to be pneumonia that causes the pain.
(GP5)
ECG
[specific ACS] When a GP decides to perform an ECG, it is
mainly used to rule in acute coronary syndrome. In cases
of an abnormal result, this was an important reason to
refer. Sometimes, the combination of a normal ECG, the
absence of risk factors and the presence of pain of longer
duration was used to rule out ACS.
Table 3: Patients' characteristics.
P Nr Age Gender History Action
1 31 M Precordial pain, for 4 weeks already, no risk factors Cardiologist
2 70 F Retrosternal pain, also shoulder and back, since the morning, cholesterol, diabetic. ED, transport by family
3 67 M Oppressive pain, sweating, since the morning, prostate metastasis, ST-elevation ED, transport by GP
4 53 M Oppressive pain, sweating, for minutes, dyspnoea, PTCA ED, transport by ERT
5 75 F Sometimes oppressive pain, for 10 days already, bypass, diabetes Cardiologist
6 30 M Oppressive pain, stress, for weeks, no risk factors No referral
7 82 F Epigastric pain, nightly, for 3 days already. Cholesterol, ECG normal ED, transport by family
8 67 F Angor precordial oppression, for months already, stress Cardiologist
9 80 F Angor precordial oppression, since?, diabetes, cholesterol Cardiologist
10 50 F Precordial oppression, tachypnoea, for 2 days already, familial problems ED, refused
11 65 F Precordial pain, 1 week, angor-like, stress No referral
12 75 F Precordial pain, since?, hypertension Cardiologist
13 50 F Precordial pain, rhythm disorder, one week Cardiologist
14 43 F Precordial pain, also back, since the previous night, ECG ST depletion ED, transport by GP
15 30 F Precordial pain, extrasystole, weeks?, stress No referral
16 80 M Retrosternal pain, hours, CABG antecedents, ECG ST elevation Transport by ambulance
17 67 F Retrosternal pain, only at night, for a week, cholesterol, obesity, diabetes No referral
18 30 M Pain hemithorax, no risk factors No referral
19 82 F Retrosternal pain, hours, CABG antecedents, ECG ST elevation ED, transport by ambulance
20 17 F Retrosternal pain, one day, fever No referral
21 62 M Retrosternal pain, for 10 days already, CABG Cardiologist, refused
M = male, F = female, ED = emergency department, ERT = emergency rescue team
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-At that moment I was pretty sure that it was not an
acute heart attack because I had an ECG of someone at
rest, who had been complaining for a few days; I
would have seen something at that moment if it had
really been a heart attack. (GP5)
The typical coronary heart disease patient
[specific ACS] This picture was used in a positive and a
negative way. If the picture was positive, urgent referral by
ambulance was performed.
-It actually depends a little on how the patient looks.
If they are pale and sweaty, and really don't look well,
then I will always call the medical rescue team. (GP2)
-A young man with pain in the left hemithorax, fre-
quent and daily shooting pain when at rest, not sharp,
just a few seconds. He's not able to move during those
moments and he is anxious. The clinical examination
was completely normal. No ECG was taken; it's prob-
ably something musculoskeletal or perhaps nothing,
just anxiety. (GP18)
Gut feeling
[not specific ACS] Without the 'typical coronary heart dis-
ease patient' picture, the appearance of the patient – their
looks – was often stated as very important in the decision-
making process. It is more than the combination of the
signs and symptoms: it is more like a 'gut feeling'.
-She came in and she was different from usual: she
looked drawn. It was really striking: her countenance
was so sharp. (GP2)
-Basically, if it looks fishy, I refer them immediately.
(GP1)
GP's personal ideas
Uncertainty or explicit certainty
[not specific ACS] Uncertainty as well as explicit certainty
about an acute coronary syndrome were reasons for refer-
ring the patient.
-If I'm not sure and anxious about it, then I refer.
(GP4)
-But I think that if I'm reasonably sure it's a heart
attack, I will always call for the medical rescue team.
(GP4)
Age and cost-benefit
[not specific ACS] Younger patients were referred more
readily to the emergency department than older ones.
Older people were sometimes not referred because the
expected benefit of the referral was considered to be lim-
ited.
-For the whole of society too; why should society pay
so much money if you know that the prognosis is very
limited. Incidentally she died a few days later. (GP17)
Perception by the GP of a negative attitude from the medical rescue 
team towards GPs
[not specific ACS] Some GPs objected to the attitude of
these personnel, which made it more difficult to refer.
-The whole scene; the sirens and waking up all the
neighbours, and those men, my room is too small for
them with their 5 cases and oxygen and you stand
there...And when they remember to think of it, they
ask if you've given the patient anything. (GP18)
Recent contact of the patient with a cardiologist
[specific ACS] If the patient has been given the all-clear by
a cardiologist, can give the GP a false feeling of certainty
about the absence of an acute coronary syndrome and
influence his referral attitude.
-I have to say that I hesitated a little, especially because
he had been to the cardiologist a few days before and
had been told everything was alright. (GP14)
Errors in the past
[specific and not specific ACS] Ten GPs mentioned an
error relating to chest pain patients in the past. The rea-
sons for the error were not recognizing ACS because of
resemblance to gastric problems or chest wall tenderness
on palpation; or because of the patient's behavior, e.g. the
patient is always consulting with minor complaints or
always complaining; and for GP-related reasons, e.g. the
GP waited too long before making a home visit and the
patient was transported by ambulance without the assist-
ance of a medical rescue team. This error created various
feelings such as regret and the realisation of the huge
responsibility. Talking to the family is reported as being
important, but the memory of the error keeps some GPs
awake at night. Some GPs mentioned that an error influ-
ences subsequent decisions, in that they are more careful
and their threshold for action is lower.
-Then I can't go straight to sleep when I come home. I
continue to think about it for a long time. (GP10)
-You feel bad in a way because you made a wrong diag-
nosis, but I don't lie awake at night; this sort of thing
happens, and then it's a case of not justifying yourself
to these people, but instead having a chat with them
about it. (GP21)
-I have to be honest, it sometimes makes me a little
over cautious as well. Then I may be too quick to refer
a patient so as to be sure nothing is missed. (GP17)
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Discussion
Summary of the main findings
This study suggests that the background knowledge on the
patient, the patient's current clinical presentation and the
GP's personal opinions are used by GPs when deciding on
whether or not to refer a patient with chest pain. Back-
ground knowledge on the patient – coronary risk factors,
differences in behavior, playing down the seriousness –
was an important factor in the decision-making process
about whether or not to refer. For those factors, knowing
the patient is essential.
The current clinical presentation: clinical examination in
particular is used to rule in diseases other than acute cor-
onary syndrome which need no referral. An ECG was used
to confirm the presence of an acute coronary syndrome
and refer the patient. A normal ECG was a reason for not
referring, but only in combination with a long duration of
pain and the absence of risk factors. A gut feeling is some-
times more important than the presence of individual
signs and symptoms.
The GP's personal ideas – the patient's age, perception of a
negative attitude from the medical rescue team, recent
patient contact with a cardiologist, past errors – were fac-
tors in the decision-making process. Sometimes, uncer-
tainty about the diagnosis causes an unnecessary referral.
Referring older people has a higher threshold than refer-
ring younger people because of the expected smaller ben-
efit.
Strengths and weaknesses of the study
The interviews were taken very shortly after the GPs had
seen a patient with chest pain. This is important, as the
GPs may reinterpret their diagnostic reasoning in the light
of information from a cardiologist or based on the evolu-
tion of the patient's condition.
All the interviews were carried out by the principal
researcher, himself a GP experienced in medical research
and qualitative studies. Being a 'man of the field' and
knowing the reality of the situation, certainly had an
impact on the interviews, the participants and the analy-
sis. The data were analysed by the principal researcher,
who developed the initial codebook, and independently
by a second researcher. The second researcher was a soci-
ologist, who introduced a broader, non-medical perspec-
tive to the study topic.
The recruitment of GPs who were willing to participate in
the interviews was a difficult process. The prospect of
being judged and facing possible criticism may have been
a reason for non-collaboration.
Loss of time – without financial compensation – could be
another reason. More reminders may have been necessary.
Although e-mail is an easy way to recruit GPs, the
response is limited. On the other hand, the quality of the
interviews of the GPs recruited by e-mail was very high.
Compared to the general population of GPs in Flanders,
the participating GPs were similar in age and practice
organization – single-handed or group practice – but not
in gender: female GPs are underrepresented in our sam-
ple. Our data did not reveal any difference in reasoning
between the three females and the three trainees, and the
male group of participants. Of course, gender bias is
always possible. The same applies – although in reverse –
for the patient population: women are overrepresented
here. But female patients with chest pain may present a
more diagnostic and decision-related dilemma, in which
the selection of the sample does not necessarily threaten
the validity of the results. In addition, in qualitative stud-
ies, the goal is not to recruit a representative sample of
participants to quantify opinions, but rather to elicit all
possible opinions and views on a specific subject. In our
data, saturation was reached, which suggests that all
important criteria were identified.
In spite of the recruitment difficulties, all the interviews
were conducted with highly motivated GPs. The GPs
responded honestly and voluntarily to the interviewer.
Although what doctors say they do is not the same as what
they actually do, we believe the quality of the interviews
was high [19]. The latter was illustrated by the ten GPs
explaining cases where they possibly made an error.
Previous studies
Abu Hani et al. identified the importance of differences in
pain characteristics and the 'typical coronary heart disease
patient', the patient's behaviour, the presence of standard
cardiovascular risk factors and a tendency to play down
the seriousness of the complaints by the patient [20]. They
were the first to explore the kind of background knowl-
edge that GPs used in their clinical decision-making proc-
ess when diagnosing possible coronary heart disease. They
also described the importance of pain on exertion, the
time factor and their combination. In our study these cri-
teria were also found to be influential in the decision to
refer patients with chest pain.
Others have found that the 'typical' symptoms of myocar-
dial ischemia are well known by patients [21]. This 'typi-
cal' presentation creates a potentially dangerous
expectation among patients that chest pain or discomfort
should be present before calling emergency medical serv-
ices [22].
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The importance of 'certainty' and 'gut feeling' for GPs
when referring patients with chest pain has already been
demonstrated by Buntinx et al. [12,13].
We have shown in another quantitative study that, in the
case of diagnostic uncertainty, 26% of the patients pre-
senting with chest pain were urgently referred to the emer-
gency department and 53% were not urgently referred to
the specialist [23]. In this study we found that about 60%
of patients with chest pain were not referred, suggesting a
selection of minor or less 'typical' cases.
The importance of the GP's gut feeling was also described
by Van den Bruel et al. in her GP-based study on diagnos-
ing serious infections in children [24].
Our criterion that the 'perception of a negative attitude
from the medical rescue team' increases the referral
threshold is in line with Tod's finding, when it was dem-
onstrated that the referral threshold decreases when the
consultant was easily approachable and communicated
well with the patients and the GPs [25].
Future research
The new reasons for referral mentioned in our study
should now be further evaluated for their effect in a sub-
sequent quantitative study, in a synthesis of qualitative
studies or both. Hopefully, these studies will further
enhance our understanding of the referral decisions made
by GPs for patients with chest pain.
Conclusion
This study suggests that GPs believe they do not exclu-
sively use the 'classical' signs and symptoms in their deci-
sion-making process for patients presenting with chest
pain. Background knowledge about the patients, GPs' per-
sonal ideas and gut feeling are also important. 
What is already known on this subject
- In general practice the low prevalence, the early and
often diffuse stages of coronary heart disease are fac-
tors making this diagnosis difficult.
- Discrepancies between previous and actual consulta-
tions alert the GPs to coronary heart diseases.
- Based on the threshold theory of Pauker and Kassirer,
the GP has to decide whether or not to refer a patient
consulting with chest pain.
What this study adds
Reasons for referral of patients presenting with chest pain
were the GP's background knowledge on the patient, the
patient's clinical presentation and the GP's personal opin-
ions and ideas. In particular, a change in behaviour, typi-
cal presentation, a GP's gut feeling, and the perception of
a negative attitude from the medical rescue team influence
a GP's referral decision. Clinical examination is used to
exclude and an ECG to include the possibility of an acute
coronary syndrome.
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Discussion
Summary of the main findings
This study suggests that the background knowledge on the
patient, the patient's current clinical presentation and the
GP's personal opinions are used by GPs when deciding on
whether or not to refer a patient with chest pain. Back-
ground knowledge on the patient – coronary risk factors,
differences in behavior, playing down the seriousness –
was an important factor in the decision-making process
about whether or not to refer. For those factors, knowing
the patient is essential.
The current clinical presentation: clinical examination in
particular is used to rule in diseases other than acute cor-
onary syndrome which need no referral. An ECG was used
to confirm the presence of an acute coronary syndrome
and refer the patient. A normal ECG was a reason for not
referring, but only in combination with a long duration of
pain and the absence of risk factors. A gut feeling is some-
times more important than the presence of individual
signs and symptoms.
The GP's personal ideas – the patient's age, perception of a
negative attitude from the medical rescue team, recent
patient contact with a cardiologist, past errors – were fac-
tors in the decision-making process. Sometimes, uncer-
tainty about the diagnosis causes an unnecessary referral.
Referring older people has a higher threshold than refer-
ring younger people because of the expected smaller ben-
efit.
Strengths and weaknesses of the study
The interviews were taken very shortly after the GPs had
seen a patient with chest pain. This is important, as the
GPs may reinterpret their diagnostic reasoning in the light
of information from a cardiologist or based on the evolu-
tion of the patient's condition.
All the interviews were carried out by the principal
researcher, himself a GP experienced in medical research
and qualitative studies. Being a 'man of the field' and
knowing the reality of the situation, certainly had an
impact on the interviews, the participants and the analy-
sis. The data were analysed by the principal researcher,
who developed the initial codebook, and independently
by a second researcher. The second researcher was a soci-
ologist, who introduced a broader, non-medical perspec-
tive to the study topic.
The recruitment of GPs who were willing to participate in
the interviews was a difficult process. The prospect of
being judged and facing possible criticism may have been
a reason for non-collaboration.
Loss of time – without financial compensation – could be
another reason. More reminders may have been necessary.
Although e-mail is an easy way to recruit GPs, the
response is limited. On the other hand, the quality of the
interviews of the GPs recruited by e-mail was very high.
Compared to the general population of GPs in Flanders,
the participating GPs were similar in age and practice
organization – single-handed or group practice – but not
in gender: female GPs are underrepresented in our sam-
ple. Our data did not reveal any difference in reasoning
between the three females and the three trainees, and the
male group of participants. Of course, gender bias is
always possible. The same applies – although in reverse –
for the patient population: women are overrepresented
here. But female patients with chest pain may present a
more diagnostic and decision-related dilemma, in which
the selection of the sample does not necessarily threaten
the validity of the results. In addition, in qualitative stud-
ies, the goal is not to recruit a representative sample of
participants to quantify opinions, but rather to elicit all
possible opinions and views on a specific subject. In our
data, saturation was reached, which suggests that all
important criteria were identified.
In spite of the recruitment difficulties, all the interviews
were conducted with highly motivated GPs. The GPs
responded honestly and voluntarily to the interviewer.
Although what doctors say they do is not the same as what
they actually do, we believe the quality of the interviews
was high [19]. The latter was illustrated by the ten GPs
explaining cases where they possibly made an error.
Previous studies
Abu Hani et al. identified the importance of differences in
pain characteristics and the 'typical coronary heart disease
patient', the patient's behaviour, the presence of standard
cardiovascular risk factors and a tendency to play down
the seriousness of the complaints by the patient [20]. They
were the first to explore the kind of background knowl-
edge that GPs used in their clinical decision-making proc-
ess when diagnosing possible coronary heart disease. They
also described the importance of pain on exertion, the
time factor and their combination. In our study these cri-
teria were also found to be influential in the decision to
refer patients with chest pain.
Others have found that the 'typical' symptoms of myocar-
dial ischemia are well known by patients [21]. This 'typi-
cal' presentation creates a potentially dangerous
expectation among patients that chest pain or discomfort
should be present before calling emergency medical serv-
ices [22].
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The importance of 'certainty' and 'gut feeling' for GPs
when referring patients with chest pain has already been
demonstrated by Buntinx et al. [12,13].
We have shown in another quantitative study that, in the
case of diagnostic uncertainty, 26% of the patients pre-
senting with chest pain were urgently referred to the emer-
gency department and 53% were not urgently referred to
the specialist [23]. In this study we found that about 60%
of patients with chest pain were not referred, suggesting a
selection of minor or less 'typical' cases.
The importance of the GP's gut feeling was also described
by Van den Bruel et al. in her GP-based study on diagnos-
ing serious infections in children [24].
Our criterion that the 'perception of a negative attitude
from the medical rescue team' increases the referral
threshold is in line with Tod's finding, when it was dem-
onstrated that the referral threshold decreases when the
consultant was easily approachable and communicated
well with the patients and the GPs [25].
Future research
The new reasons for referral mentioned in our study
should now be further evaluated for their effect in a sub-
sequent quantitative study, in a synthesis of qualitative
studies or both. Hopefully, these studies will further
enhance our understanding of the referral decisions made
by GPs for patients with chest pain.
Conclusion
This study suggests that GPs believe they do not exclu-
sively use the 'classical' signs and symptoms in their deci-
sion-making process for patients presenting with chest
pain. Background knowledge about the patients, GPs' per-
sonal ideas and gut feeling are also important. 
What is already known on this subject
- In general practice the low prevalence, the early and
often diffuse stages of coronary heart disease are fac-
tors making this diagnosis difficult.
- Discrepancies between previous and actual consulta-
tions alert the GPs to coronary heart diseases.
- Based on the threshold theory of Pauker and Kassirer,
the GP has to decide whether or not to refer a patient
consulting with chest pain.
What this study adds
Reasons for referral of patients presenting with chest pain
were the GP's background knowledge on the patient, the
patient's clinical presentation and the GP's personal opin-
ions and ideas. In particular, a change in behaviour, typi-
cal presentation, a GP's gut feeling, and the perception of
a negative attitude from the medical rescue team influence
a GP's referral decision. Clinical examination is used to
exclude and an ECG to include the possibility of an acute
coronary syndrome.
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Certainty of diagnosis and referral rate
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Background
In general practice, approximately 1.5% of patient
encounters is for chest pain1.
Chest pain can be a sign of an ischaemic or non-
ischaemic cardiac disease, gastro-oesophageal, pulmo-
nary, muscular-skeletal disorders or a panic attack2-11.
Nilsson et al. found that among patients consulting
with chest pain in primary care, 8% were ultimately
diagnosed with ischaemic heart disease and in 9% 
further investigation was needed1. In a general practice
setting serious heart disease is present in only 5% of the
chest pain patients12. Svavarsdottir et al. showed that
of 189∞∞general practice patients with chest pain 9.5%
were admitted to hospital and 7.9% were referred to a
consultant on an outpatient basis13.
For acute myocardial infarction (AMI), urgent
referral is imperative because mortality decreases if
CABG or thrombolysis can be carried out quickly14.
Referring a large proportion of patients with chest pain
to secondary care leads to unnecessary tests and pro-
cedures, with related costs and complications15. In
addition, urgent referral may be contra-indicated in
some cases, for example, in patients suffering from a
panic attack.
Why does the general practitioner refer patients with chest pain not-urgently to the
specialist or urgently to the emergency department? Influence of the certainty of
the initial diagnosis.
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Background — Chest pain is an initial symptom for several minor diseases but acute myocardial
infarction (AMI) should not be missed.
Aim — To assess the influence of initial diagnosis and degree of certainty of this initial diagnosis
on the referral decision and the referral method (urgent – non-urgent) in patients contacting their
GP with chest pain.
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almost 1.6% of the population.
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When signs and symptoms – such as radiating
oppressive chest pain, paleness, sweating, hypotension,
etc. – are clearly present, diagnosing AMI is easy and
the decision to refer these patients is not difficult16,17.
On the other hand, chest pain that is not very severe
or prolonged, but that is distressing enough for the
patient to contact a general practitioner, presents a
more difficult problem for diagnosis and manage-
ment18. It has been shown before that the GP’s initial
diagnosis and the certainty with which this initial diag-
nosis is made, was powerful in predicting the final diag-
nosis of patients with chest pain19,20. Subsequently, it
is possible that referral rates are equally associated with
the GP’s certainty of his initial diagnosis.
The aim of the study was to examine the relation-
ship between referral rate (no, non-urgent or urgent)
and the GP’s initial diagnosis and certainty of this ini-
tial diagnosis.
Methods
The study was carried out in the Belgian sentinel
network of general practices. This network has been
established 25∞∞years ago as a voluntary and permanent
registry of epidemiological data.
The network consists of GPs of all regions of the
country and is representative with respect to gender
and age. A detailed report of the method used to esti-
mate the denominator in patient-years has been pub-
lished elsewhere21. During this study period, the
network covered almost 1.6% of the Belgian popula-
tion or 169,420 inhabitants. All patients consulting
their GP with non-traumatic chest pain in 2003 were
consecutively included in the study. Only physicians
regularly recording patients with chest pain for 26 or
more weeks participated in the study.
At the time of consultation, the patient’s gender
and age, and the GP’s initial diagnosis, degree of cer-
tainty of the initial diagnosis and action taken were
recorded on special forms.
In September 2008, GPs were asked if the patients
had died within a month since the contact.
Age was dichotomised as ≥ 60∞∞years and∞∞<∞∞60∞∞years.
Initial diagnosis was classified as clinical diagnosis
of serious heart disease (myocardial infarction, unstable
angina, heart failure, pulmonary oedema, pericarditis),
any other heart disease, serious lung disease (pneu-
monia, pleurisy, pneumothorax, pulmonary embolism,
lung cancer), any other respiratory disorder, gastroin-
testinal disease, musculoskeletal disease, somatoform
disorder (like panic attacks, hyperventilation, anxiety,
psychiatric diseases) or other. The classification is iden-
tical to that used in a previous study and was proposed
by an expert team of GPs and specialists in internal
medicine and cardiology12. How diagnoses were made
was left to the discretion of the treating physicians.
The degree of certainty of the initial diagnosis was
expressed on a four-point Likart scale: certain, rather
certain, rather uncertain and uncertain. For the analy-
sis, certainty was dichotomised by combining certain
and rather certain as ‘certain’ and rather uncertain and
uncertain as ‘uncertain’.
Action taken was registered as: ECG recorded, no
referral, referral to a specialist, referral to the hospital,
urgent referral to the emergency department and
urgent referral to the emergency department with assis-
tance of the emergency rescue team. For this analysis
we used three categories: no referral, non-urgent refer-
ral (including specialist advice), and urgent referral to
the emergency department.
ANALYSES
The relationship between each predictor and the
referral rate was bivariately reported as proportion
with a 95% confidence interval (CI). Differences in
referral rate between categories were statistically tested,
either by means of a chi2 test for categorical predictors
or a chi2 for trend.
The independent influence of diagnostic class and
degree of certainty were checked by means of multi-
ple logistic regression analysis where referral was the
dependent variable, and both the initial diagnosis 
and the certainty of this initial diagnosis were inde-
pendent variables. Results were reported as odds 
ratios (OR) with their 95% CI. All results were con-
trolled for gender and age. We used the combina-
tion of all diseases other than heart and lung diseases
as the reference group. The analysis was repeated 
with urgent referral as the dependent variable. We
checked the goodness-of-fit with the Hosmer-
Lemeshow test.
The data were analysed using Stata software 
(version 8, Stata Corporation, Texas, USA).
Results
GENERAL CHARACTERISTICS
In total, 2020∞∞patients were included in the study
by 163 practitioners for non-traumatic chest pain
within a period of 12∞∞months. 24∞∞patients were excluded
because of acute death at home (N∞∞=∞∞14) or absence
of information (N∞∞=∞∞10) leaving 1996∞∞patients (male
52%) for the analysis (figure 1, table 1).
Nearly 40% (N∞∞=∞∞811, male 57%) of all patients
with chest pain were referred of which 37% (N∞∞=∞∞297,
male 61%) urgently to the emergency department and
63% (N∞∞=∞∞514, male 56%) not-urgently. Of the not-
urgently referred patients 83% (N∞∞=∞∞431, male 56%)
260 R. Bruyninckx et al.
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were referred to the ambulatory specialist care, which
does not necessarily include a cardiologist.
An ECG was recorded in 29% of cases (N∞∞=∞∞596,
male 54%). Of these 31% (N∞∞=∞∞172, male 56%) were
not-urgently referred and 17% (N∞∞=∞∞98, male 60%)
urgently. Of the not referred patients two died within
three days and five within one month.
BIVARIABLE ANALYSES
Patients referred urgently were significantly older
(68.0∞∞years) than those referred non-urgently (60.8
years) or not referred (55.2∞∞years) (P∞∞<∞∞0.001) (table 1).
On average, in all three groups women were between
4.3 and 5.7∞∞years older than men (P∞∞<∞∞0.001).
The initial diagnosis of “somatoform disorder” was
more frequent in women (56.4%; 95% CI: 50.1-62.6)
than in men (43.6%; 95% CI: 37.4-49.9). The initial
diagnosis of “serious heart disease” was more frequent
in men (59.2%; 95% CI: 54.9-63.4) than in women
(40.8%; 95% CI: 36.3-45.1).
When the GP is uncertain of his diagnosis, for every
disease group, 54% of the patients were not urgently
referred (table 2). In patients who are not referred, the
GP is certain of his diagnosis in most cases. Only
92∞∞patients (7.7%) who were not referred had an uncer-
tain initial diagnosis.
Likewise, in those patients referred urgently, the GP
is certain in 240∞∞patients (80.8%) and uncertain in
57∞∞patients (19.2%).
254 urgently referred patients with chest (85.9%)
pain had an initial diagnosis of heart disease, 33
(11.4%) a diagnosis of lung disease and 9 (3%) had
another initial diagnosis (table 3).
MULTIVARIABLE ANALYSES
Age was not associated with referral (OR∞∞=∞∞1.06;
95% CI: 0.83-1.35) but with urgent referral only
(OR∞∞=∞∞1.46; 95% CI: 1.02-2.08). Men were referred
more often than women (OR∞∞=∞∞1.44; 95% CI: 1.13-
1.82)
Serious heart disease increased the referral rate,
regardless of the certainty of the working diagnosis
(table 4). Nevertheless, within this patient group the
degree of certainty of the working diagnosis interacted
with the referral pattern: if certain of the disease, the
odds ratio for referral with an initial diagnosis of
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Fig.∞∞1. – Patient flow chart. SHD: serious heart disease: acute
myocardial infarction (AMI), unstable angina (UA), heart fail-
ure, pulmonary oedema, pericarditis. SLD: serious lung disease:
pneumonia, pleurisy, pneumothorax, pulmonary embolism, lung
cancer. O: all other diagnostic categories.
Table∞∞1. – Basic population data: classified by gender, age, initial diagnosis,
dismissal diagnoses and referral type (N∞∞=∞∞1996)
Referral type Total No referral Non-urgent Urgent
N∞∞=∞∞1185 N∞∞=∞∞514 N∞∞=∞∞297
Gender (missing 17) Men 1030 568 280 182
Women 949 603 232 114
Mean age (SD) Men 53.0 (18.7) 58.7 (14.7) 65.8 (14.4)
Women 57.2 (18.8) 63.3 (17.1) 71.5 (14.1)
Initial diagnosis (missing 3) Serious heart disease 526 89 (2∞∞+) 202 (2∞∞+) 235 (14∞∞+)
Other heart disease 215 81 114 (2∞∞+) 20 
Serious lung disease 92 38 31 23
Other lung disease 196 167 19 10
Gastrointestinal disease 161 100 55 6 (1∞∞+)
Muscular disease 600 545 55 0
Somatoform disease 194 153 38 3
Other disease 9 9 0 0
Certain Certain 1673 1093 340 240
Uncertain 323 92 174 57
Non-urgent referral: to specialist or hospital. Urgent referral: to emergency department, with or without assistance of emergency 
rescue team. (+): died within 72∞∞hours.
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serious heart disease is 11.58 (95% CI: 5.72-23.44); if
not certain of the disease, the odds ratio is 2.96 (95%
CI: 1.59-5.51). The same interaction was present for
an initial diagnosis of serious lung diseases: if certain
of the diagnosis the OR is 3.43 (95% CI: 1.11-10.57);
if not certain the OR is 2.12 (95% CI: 0.78-5.76).
Patients suspected of having other heart diseases were
also referred more often: certain OR: 3.48 (95% CI:
1.48-8.20); not certain 2.53 (95% CI: 1.17-5.45).
The regression model for urgent referral was 
instable due to low numbers of patients in one of the
subgroups.
The Hosmer-Lemeshow test indicated a good fit of
the model (P∞∞=∞∞0.68).
Discussion
SUMMARY OF MAIN FINDINGS
A majority of patients consulting with chest pain
are not referred by their GP. However, 40% of the
patients were suspected of having a serious disease and
had to be referred.
Patients with a suspicion of a serious heart disease are
referred in 85% of the cases and this is not influenced
by the degree of certainty about the diagnosis. In case of
uncertainty, the rate of referrals was high (54% non-urg-
ently, 18% urgently) in all initial diagnostic categories.
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Table∞∞2. – Initial diagnosis and degree of certainty of this diagnosis of chest pain patients 
seen by a GP by referral category (N∞∞=∞∞1993, missing 3)
Diagnostic group No referral Non-urgent referral Urgent referral
(N,%,CI) (N,%,CI) (N,%,CI)
Serious heart disease Certain 57 122 195
N∞∞=∞∞374 15.2% 32.6% 52.1%
(11.8-19.4) (27.9-37.7) (46.9-57.3)
Uncertain 32 80 40
N∞∞=∞∞152 21.1% 52.6% 26.3%
(14.9-28.4) (44.4-60.8) (19.5-34.1)
Serious lung disease Certain 31 17 19
N∞∞=∞∞67 46.3% 25.4% 28.4%
(34.0-58.9) (15.5-37.5) (18.0-40.7)
Uncertain 7 14 4
N∞∞=∞∞25 28.0% 56.0% 16.0%
(12.1-49.4) (34.9-75.6) (4.5-36.1)
Other heart disease Certain 67 74 15
N∞∞=∞∞156 42.9% 47.4% 9.6%
(35.1-51.1) (39.4-55.6) (5.5-15.4)
Uncertain 14 40 5
N∞∞=∞∞59 23.7% 67.8% 8.5%
(13.6-36.6) (54.4-79.4) (2.8-18.7)
Other lung disease Certain 160 10 9
N∞∞=∞∞179 89.4% 5.6% 5.0%
(83.9-93.5) (2.7-10.0) (2.3-9.3)
Uncertain 7 9 1
N∞∞=∞∞17 41.2% 52.9% 5.9%
(18.4-67.1) (27.8-77.0) (0.1-28.7)
Other disease Certain 775 117 2
N∞∞=∞∞894 86.7% 13.1% 0.2%
(84.2-88.8) (11.0-15.5) (0.0-0.9)
Uncertain 32 31 7
N∞∞=∞∞70 45.7% 44.3% 10.0%
(33.7-58.1) (32.4-56.7) (4.1-19.5)
All diseases Certain 1093 340 240
N∞∞=∞∞1673 65.3% 20.3% 14.3%
(63.0-67.6) (18.4-22.3) (12.7-16.1)
Uncertain 92 174 57
N∞∞=∞∞323 28.5% 53.9% 17.6%
(23.7-33.8) (48.3-59.4) (13.7-22.3)
Non-urgent referral: to specialist or hospital. Urgent referral: to emergency department, with or without assistance of emergency 
rescue team. Serious heart diseases: myocardial infarction, unstable angor, heart failure, pulmonary oedema, pericarditis. Serious lung
diseases: pneumonia, pleurisy, pneumothorax, pulmonary embolism, lung cancer. Other diseases: all diagnostic categories except heart
and lung diseases.
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The referral is influenced by gender in non-urgently
referred patients and by age in urgently referred
patients. Not maleness or age alone, but probably the
increased risk of serious heart disease in men versus
women and older age groups is the reason for this
higher urgently referral rate. Also the higher number
of initial diagnoses of “somatoform disorder”, which
seldom results in referral, may be a reason for the low
number of urgent referrals in women. The decision not
to refer was potentially erroneous for the patients who
died within one month.
STRENGTHS AND WEAKNESSES OF THE STUDY
This is one of the rare studies exploring referral
decisions actually carried out in a general practice set-
ting. The long-standing experience of the Belgian net-
work of sentinel practices and their organization made
it possible to include a high number of patients. We
also noticed that the number of cases was fairly con-
stant throughout the year and that there was no drop-
out in the weekly number of cases towards the end. In
spite of the participating doctors’ experience in record-
ing morbidity, there may be some under-recording in
the case of no referral.
57∞∞patients in whom the GP was certain of his ini-
tial diagnosis of “serious heart disease” were not
referred. To explore this phenomenon, we conducted
a random inquiry by phone including 23∞∞patients. It
revealed 12∞∞patients with known heart disease and
numerous past referrals for which the situation did 
not really represent an aggravation. For six patients,
the hypothesis of serious heart disease could be ruled
out after careful physical examination and history 
taking. One patient refused referral and no informa-
tion was retained about four patients. Apart from the
latter four, none of these situations really required a
referral.
PREVIOUS STUDIES
Our study, which is one of the largest studies within
a GP setting, confirms several results of other studies.
The incidence of myocardial infarction increases with
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Table∞∞3. – The relation between diagnostic group, degree of certainty and urgent referral
All patients N∞∞=∞∞297 Uncertain N∞∞=∞∞57 Certain N∞∞=∞∞239, missing 1
Serious heart disease 234 40 194
79.1% 70.2% 81.2%
(74.0-83.5) (56.6-81.6) (75.6-85.9)
Serious lung disease 23 4 19
7.8% 7.0% 7.9%
(5.0-11.4) (1.9-17.0) (4.9-12.1)
Other heart disease 20 7 15
6.8% 12.3% 6.3%
(4.2-10.4) (5.1-23.7) (3.6-10.1)
Other lung disease 10 5 9
3.4% 8.8% 3.8%
(1.6-6.1) (2.9-19.3) (1.7-7.0)
Other disease 9 1 2
3.0% 1.8% 0.8%
(1.4-5.7) (0.0-9.4) (0.1-3.0)
Urgent referral: to emergency department, with or without assistance of emergency rescue team. Serious heart diseases: myocardial
infarction, unstable angor, heart failure, pulmonary oedema, pericarditis. Serious lung diseases: pneumonia, pleurisy, pneumothorax,
pulmonary embolism, lung cancer. Other diseases: all diagnostic categories except heart and lung diseases.
Table∞∞4. – Multiple logistic regression analysis with the referral risk as the dependent variable*
Diagnosis uncertain Diagnosis certain
Diagnostic group OR 95%CI OR 95%CI
Serious heart disease 2.96 1.59-5.51 11.58 5.72-23.44
Serious lung disease 2.12 0.78-5.76 3.43 1.11-10.57
Other heart disease 2.53 1.17-5.45 3.48 1.48-8.20
Other lung disease 1.21 0.41-3.57 0.63 0.19-2.10
*: OR refers to the relationship between diagnostic group and referral risk, adjusted by gender and age group. Reference category for
the diagnostic groups is the combination of all diagnostic categories except heart and lung diseases. Serious heart diseases: myocar-
dial infarction, unstable angor, heart failure, pulmonary oedema, pericarditis. Serious lung diseases: pneumonia, pleurisy, pneumo-
thorax, pulmonary embolism, lung cancer. Other diseases: all diagnostic categories except heart and lung diseases.
2206-09_ActaCardio_64-2(17)08-3265  02-04-2009  09:14  Pagina 263
52
57
age, especially in women22. In addition, the clinical 
picture of female patients may be less obvious23.
In the Reykjavik Study, a cohort study of 13,000
women followed up for an average of 15∞∞years, the 
proportion of unrecognised non-fatal AMI female
patients ranged from 27% in the oldest age group to
40% in the youngest24. Of the patients with chest pain
initially seen by a GP, 5.4% had a dismissal diagnosis
of AMI, which is quite similar to the findings of
Buntinx et al. (4%) in 198820.
Nilsson et al. and Svavarsdottir found a referral
rate of 17%, which is much less than our 40%. This
illustrates the large variation between different patient
groups, GPs, and health systems1,13.
The proportion of recorded ECGs is similar to that
in another diagnostic study in Belgium, performing an
ECG in 20% of patients with a certain diagnosis com-
pared to 34% of patients in whom a diagnosis was 
only suspected20.
MEANING OF THE STUDY
GPs are aware of the need for urgent referral of
patients with a suspicion of “serious heart disease”.
The high rate of referrals in case of uncertainty in all
initial diagnostic categories could be explained by 
the fear of missing a serious diagnosis. Although the
risk of an AMI is lower in younger people, this does
not exclude serious disease in these age groups. In this
study 10 of the 190∞∞patients with acute coronary syn-
drome were younger than 45∞∞years of age.
FUTURE RESEARCH
The threshold for referral is probably not always
clear. A qualitative study among GPs could help to
explore this.
Conclusion
Referral rates for patients with chest pain were
influenced by the initial diagnosis and the degree of
certainty of this initial diagnosis.
What was already known:
- Acute coronary syndrome (ACS) incidence increases
with age.
- Men with chest pain are more referred than women
with chest pain.
- GP is certain of his diagnosis in 75% of chest pain
cases.
What this study adds:
- 40% of all patients with chest pain are referred to
specialist care.
- Referral rates for patients with chest pain were 
influenced by the initial diagnosis and the degree of
certainty of this initial diagnosis.
- Patients with suspected serious heart disease are
referred in 85% of the cases, irrespective of the GP’s
degree of certainty about the diagnosis.
- In case of uncertainty the GP did –not urgently–
refer 54% of all cases.
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Background. Patientspresentingwithchestpainhavea5%chanceofexperiencingacoronaryevent.
These patients are at risk of mortality and should be recognized and referred to secondary care.
Aim. To determine the relationship between referral type andmortality in patients with chest pain.
Methods. The design of the study is an observational study. The setting of the study is a sentinel
network of general practices in Belgium, covering 1.6% of the total population. The subjects are
1558 consecutive patients consulting with chest pain in 2003. Descriptive analyses report the
standardized mortality ratios. We used the Belgian population of 1999 as the reference popula-
tion and as the standard population.
Results. The standardized mortality ratios of 3 days were 151.0 [95% confidence interval (CI):
82.3–250.3] for the urgent referred group, 45.5 (95% CI: 12.4–116.0) for non-urgent and 13.6 (95%
CI: 1.7–49.4) for the non-referred group. The standardized ratios of 1 month were, respectively,
27.6 (95% CI: 18.0–40.4), 6.7 (95% CI: 2.5–14.6) and 4.7 (95% CI: 1.9–9.7). The standardized ratios of
2–12 months were normal for the urgent referral group (1.3; 95% CI: 0.7–2.2) and for the non-urgent
referral group (1.0; 95% CI: 0.5–1.9) and even less in the non-referred group (0.4; 95% CI: 0.2–0.9).
Conclusions. Mortality in the first 3 days and first month after consulting for chest pain is very
high. There is a marked trend in mortality according to the referral type—urgently referred, non-
urgently referredandnot referred—suggesting risk stratificationby theGP.After 1month,mortality
normalizes for all groups, suggesting that the surviving patients are well treated and the condition
causing the chest pain no longer influences survival compared to the general population.
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Background
In general practice, patients presenting with chest pain
have a 5% chance of experiencing a coronary event.1
Chest pain can be a sign of an ischaemic or non-ischaemic
cardiac disease, gastro-oesophageal, pulmonary and mus-
culoskeletal disorders or a panic attack.2–15
If chest pain is caused by an acute coronary syndrome,
urgent referral to secondary care is imperative because
mortality decreases if primary percutaneous coronary in-
tervention (PCI) can be carried out quickly.16 Referring
a large proportion of patients with chest pain to second-
ary care leads to unnecessary tests and procedures, with
the related costs and complications.17 In addition, ur-
gent referral may be contraindicated in some cases,
for example, in patients suffering from a panic attack.
GPs thus need to decide whether they refer the
patient with chest pain urgently by ambulance, not
urgently by private transport or not at all. Previous
studies have shown that this decision is influenced by
the certitude of the initial diagnosis.18,19 The aim of
this study was to determine the relationship between
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Background. Patientspresentingwithchestpainhavea5%chanceofexperiencingacoronaryevent.
These patients are at risk of mortality and should be recognized and referred to secondary care.
Aim. To determine the relationship between referral type andmortality in patients with chest pain.
Methods. The design of the study is an observational study. The setting of the study is a sentinel
network of general practices in Belgium, covering 1.6% of the total population. The subjects are
1558 consecutive patients consulting with chest pain in 2003. Descriptive analyses report the
standardized mortality ratios. We used the Belgian population of 1999 as the reference popula-
tion and as the standard population.
Results. The standardized mortality ratios of 3 days were 151.0 [95% confidence interval (CI):
82.3–250.3] for the urgent referred group, 45.5 (95% CI: 12.4–116.0) for non-urgent and 13.6 (95%
CI: 1.7–49.4) for the non-referred group. The standardized ratios of 1 month were, respectively,
27.6 (95% CI: 18.0–40.4), 6.7 (95% CI: 2.5–14.6) and 4.7 (95% CI: 1.9–9.7). The standardized ratios of
2–12 months were normal for the urgent referral group (1.3; 95% CI: 0.7–2.2) and for the non-urgent
referral group (1.0; 95% CI: 0.5–1.9) and even less in the non-referred group (0.4; 95% CI: 0.2–0.9).
Conclusions. Mortality in the first 3 days and first month after consulting for chest pain is very
high. There is a marked trend in mortality according to the referral type—urgently referred, non-
urgently referredandnot referred—suggesting risk stratificationby theGP.After 1month,mortality
normalizes for all groups, suggesting that the surviving patients are well treated and the condition
causing the chest pain no longer influences survival compared to the general population.
Keywords. Chest pain, morality rate, primary health care, referral and consultation, standard-
ized ratios.
Background
In general practice, patients presenting with chest pain
have a 5% chance of experiencing a coronary event.1
Chest pain can be a sign of an ischaemic or non-ischaemic
cardiac disease, gastro-oesophageal, pulmonary and mus-
culoskeletal disorders or a panic attack.2–15
If chest pain is caused by an acute coronary syndrome,
urgent referral to secondary care is imperative because
mortality decreases if primary percutaneous coronary in-
tervention (PCI) can be carried out quickly.16 Referring
a large proportion of patients with chest pain to second-
ary care leads to unnecessary tests and procedures, with
the related costs and complications.17 In addition, ur-
gent referral may be contraindicated in some cases,
for example, in patients suffering from a panic attack.
GPs thus need to decide whether they refer the
patient with chest pain urgently by ambulance, not
urgently by private transport or not at all. Previous
studies have shown that this decision is influenced by
the certitude of the initial diagnosis.18,19 The aim of
this study was to determine the relationship between
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the referral decision—urgent, non-urgent or no refer-
ral—and the standardized mortality ratio in the first
12 months after the incident in patients consulting
with chest pain.
Methods
The study was carried out in the Belgian sentinel net-
work of general practices in 2003. This network was
established 25 years ago as a voluntary and continuous
registration of epidemiological data. The network con-
sists of GPs from all regions of the country and is rep-
resentative for the entire GP population with respect
to gender and age. A detailed report of the method
used to estimate the denominator in patient-years has
been published elsewhere.20 At the time of this study,
the network covered almost 1.6% of the Belgian pop-
ulation or 169 420 inhabitants. All patients consulting
their GP with non-traumatic chest pain in 2003 were
consecutively included in the study; details and results
have been published previously.18,19 In September
2008, follow-up data on mortality were collected.
For this purpose, a letter was sent to all GPs of the
sentinel network asking whether the patients included
in the study were still alive or deceased and if deceased
the exact date of death. Knowing the inclusion date, we
were able to estimate in which survival category the
deceased belonged; a reminder was sent 6 weeks later.
GPs whose patient had died within 3 days after the in-
cident and without urgent referral were asked for cause
of death and reasons for the non-referral decision.
Mortality was categorized according to time after
the incident: within 3 days, within a month, within
1 year and within 2–12 months. Referral decision was
registered as no referral, non-urgent referral to
specialist care and urgent referral to the emergency
department.
Analyses
The relationship between the mortality rate and the
referral type and the relationship between gender and
mortality were bivariably analysed as proportions with
their 95 % confidence interval (CI). We concluded
that the difference was statistically different when
95% CIs were not overlapping.
We compared mortality rates of our study groups
with the mortality rates of the total Belgian population
by calculating standardized mortality ratios, which
compare the results in our study group with the results
for the total Belgian population controlling for age
and gender (indirect standardization). A standardized
mortality ratio of 1 means that the mortality rate in this
group is similar to the mortality rate in the Belgian
population, controlled for age and gender. This also
enabled us to compare mortality between groups, con-
trolling for age and gender, as the results of all study
groups were standardized for the same age and gender
distribution (Table 2). All analyses were performed us-
ing Epi Info, version 3.2.221 and CIA version, 1.0.22
Results
Of the 163 GPs participating in the study, 140 (85.9%)
provided follow-up information on 1558 (78.1%) of
1996 patients, 155 (7.8%) patients were not retrievable
from the GP records, of which 118 were not referred
at the time of the incident and 283 (14.2%) were miss-
ing because of the non-response of the GPs. The latter
were found to be similar to the included patients in
terms of age, gender and referral type.
One year after the incident, 69 patients had died,
of which 20 within 3 days and 39 within 1 month
(Table 1). The mortality rate in the urgent referred
group was 5.8% within 3 days, 10.7% within 1 month
and 16.1% within a year. By contrast, mortality in non-
urgently referred and non-referred patients was 0.9%
and 0.2% within 3 days, 1.4% and 0.8% within 1 month
and 3.7% and 1.6% within 1 year, respectively. A chi-
square for trend showed a significant trend over the
referral categories for mortality within the first 3 days,
within 1 month and within 1 year (P = 0.000 for each).
Standardized mortality ratios show that the excess
mortality peaks in the first 3 days period, with urgently
referred patients having a mortality of 151 times more
than the Belgian population, non-urgent 45.5 times more
and non-referred patients 13.6 times more (Table 2).
Mortality remains higher during the first month after
the incident (ratios of 27.6, 6.7 and 4.7, respectively)
but normalizes after 1 month for all referral groups.
From our results, it appeared that non-referred group
has a lower risk of death than the standardized Belgian
population 1 month after the incident.
Six patients were not urgently referred at the time
of the incident and died at home within 3 days. Their
GPs stated that the patient refused hospitalization
(five), signs and symptoms were unclear (two) and
situation changed very quickly (one). One of those
patients had severe chronic obstructive pulmonary dis-
ease and no specific cardiologic disease.
In the non-urgent referred group, patients who died
within 1 month were younger than those in the two
other groups (59 years compared to 81 years in the
non-referred group and 80 in the urgent referred group)
(Table 3). There was no difference with respect to gen-
der between the three groups. However, numbers were
small and differences statistically non-significant.
Discussion
Summary of the main findings
The mortality rates and standardized ratios varied
according to referral type (urgent referral > non-ur-
gent > no referral) and the time period (3 days > 1
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month > 1 year). They were very high within the first 3
days, especially for the urgently referred patients (ra-
tio 151; rate 5.8%).
After the first month, mortality rates normalize for
all referral types. In cases where a patient was not
referred urgently and died within 3 days, patients
refused urgent referral, presented with no or unclear
signs and symptoms and experienced a quickly chang-
ing medical situation.
Meaning of the results
Based on registration data of 2003, our results show
that mortality risk is very high in the first 3 days
period and high in the first month after an urgent re-
ferral for chest pain. This suggests that mortality
due to acute coronary syndrome remains high, even
in the invasive treatment period. More recent
changes of primary PCI could produce better out-
comes.
Mortality is much lower in the non-urgent and not
referred group, suggesting that GPs perform a risk
stratification in deciding who to refer and how. The
reasons for not urgently referring the patients who
died within 3 days are very familiar to all GPs, with
the most frequent reason being patient refusal.
After the first month, the ratios are similar or even
lower than the reference population. It could be that
the surviving patients are well treated and the mortality
after 1 month is no longer influenced by the condition
causing chest pain. Deceased patients within a month
TABLE 1 Mortality rates in chest pain patients by referral type
All patients N = 1554 Non-referral, N = 884 Non-urgent referral, N = 428 Urgent referral, N = 242
Within 3 days n = 20 n = 2 n = 4 n = 14
% (95% CI) 1.3 (0.8–2.0) 0.2 (0.0–0.9) 0.9 (0.3–2.5) 5.8 (3.2–9.5)
Age (SD) 74.7 (13.6) 79.5 (0.7) 57.5 (16.6) 78.9 (9.8)
Within 1 month n = 39 n = 7 n = 6 n = 26
% (95% CI) 2.5 (1.8–3.4) 0.8 (0.3–1.7) 1.4 (0.6–3.2) 10.7 (7.1–15.3)
Age (SD) 76.8 (11.6) 81.4 (5.7) 58.8 (13.3) 79.7 (8.3)
Within 1 year n = 69 n = 14 n = 16 n = 39
% (95% CI) 4.4 (3.5–5.6) 1.6 (0.9–2.7) 3.7 (2.2–6.1) 16.1 (11.7–21.4)
Age (SD) 76.9 (12.2) 75.0 (12.6) 70.0 (15.3) 80.3 (9.2)
2–12 months n = 30 n = 7 n = 10 n = 13
% (95% CI) 1.9 (1.3–2.5) 0.8 (0.3–1.7) 2.3 (1.4–3.2) 5.5 (4.6–6.1)
Age (SD) 76.9 (13.1) 68.6 (14.6) 76.7 (12.6) 81.54 (11.2)
TABLE 3 Age and gender of deceased patients
All patients Non-referral Non-urgent referral Urgent referral
Within 3 days
Age (SD) 74.7 (13.6) 79.5 (0.7) 57.5 (16.6) 78.9 (9.8)
Male % (95% CI) 60 (36.1–80.9) 50 (1.3–98.7) 50 (1.3–98.7) 64.3 (35.1–87.2)
Within 1 month
Age (SD) 76.8 (11.6) 81.4 (5.7) 58.8 (13.3) 79.7 (8.3)
Male % (95% CI) 59.0 (42.1–74.4) 42.9 (9.9–81.6) 50.0 (11.8–88.2) 65.4 (44.3–82.8)
Within 1 year
Age (SD) 76.9 (12.2) 75.0 (12.6) 70.0 (15.3) 80.3 (9.2)
Male % (95% CI) 60.9 (48.4–72.4) 64.3 (35.1–87.2) 56.3 (29.9–80.2) 61.5 (44.6–76.6)
2–12 months
Age (SD) 76.9 (13.1) 68.6 (14.6) 76.7 (12.6) 81.54 (11.2)
Male % (95% CI) 63.3 (43.9–80.1) 85.7 (42.1–99.6) 60.0 (26.2–87.8) 53.8 (25.1–80.8)
TABLE 2 Standardized mortality ratio in chest pain patients
All patients Non-referral Non-urgent referral Urgent referral
Within 3 days (95% CI) 61.0 (37.2–94.2) 13.6 (1.7–49.4) 45.5 (12.4–116.0) 151.0 (82.3–250.3)
Within 1 month (95% CI) 11.7 (8.3–16.0) 4.7 (1.9–9.7) 6.7 (2.5–14.6) 27.6 (18.0–40.4)
Within 1 year (95% CI) 1.7 (1.4–2.2) 0.8 (0.4–1.3) 1.5 (0.9–2.4) 3.5 (2.5–4.7)
2–12 months (95% CI) 0.8 (0.5–1.2) 0.4 (0.2–0.9) 1.0 (0.5–1.9) 1.3 (0.7–2.2)
3Excess of mortality in patients with chest pain
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the referral decision—urgent, non-urgent or no refer-
ral—and the standardized mortality ratio in the first
12 months after the incident in patients consulting
with chest pain.
Methods
The study was carried out in the Belgian sentinel net-
work of general practices in 2003. This network was
established 25 years ago as a voluntary and continuous
registration of epidemiological data. The network con-
sists of GPs from all regions of the country and is rep-
resentative for the entire GP population with respect
to gender and age. A detailed report of the method
used to estimate the denominator in patient-years has
been published elsewhere.20 At the time of this study,
the network covered almost 1.6% of the Belgian pop-
ulation or 169 420 inhabitants. All patients consulting
their GP with non-traumatic chest pain in 2003 were
consecutively included in the study; details and results
have been published previously.18,19 In September
2008, follow-up data on mortality were collected.
For this purpose, a letter was sent to all GPs of the
sentinel network asking whether the patients included
in the study were still alive or deceased and if deceased
the exact date of death. Knowing the inclusion date, we
were able to estimate in which survival category the
deceased belonged; a reminder was sent 6 weeks later.
GPs whose patient had died within 3 days after the in-
cident and without urgent referral were asked for cause
of death and reasons for the non-referral decision.
Mortality was categorized according to time after
the incident: within 3 days, within a month, within
1 year and within 2–12 months. Referral decision was
registered as no referral, non-urgent referral to
specialist care and urgent referral to the emergency
department.
Analyses
The relationship between the mortality rate and the
referral type and the relationship between gender and
mortality were bivariably analysed as proportions with
their 95 % confidence interval (CI). We concluded
that the difference was statistically different when
95% CIs were not overlapping.
We compared mortality rates of our study groups
with the mortality rates of the total Belgian population
by calculating standardized mortality ratios, which
compare the results in our study group with the results
for the total Belgian population controlling for age
and gender (indirect standardization). A standardized
mortality ratio of 1 means that the mortality rate in this
group is similar to the mortality rate in the Belgian
population, controlled for age and gender. This also
enabled us to compare mortality between groups, con-
trolling for age and gender, as the results of all study
groups were standardized for the same age and gender
distribution (Table 2). All analyses were performed us-
ing Epi Info, version 3.2.221 and CIA version, 1.0.22
Results
Of the 163 GPs participating in the study, 140 (85.9%)
provided follow-up information on 1558 (78.1%) of
1996 patients, 155 (7.8%) patients were not retrievable
from the GP records, of which 118 were not referred
at the time of the incident and 283 (14.2%) were miss-
ing because of the non-response of the GPs. The latter
were found to be similar to the included patients in
terms of age, gender and referral type.
One year after the incident, 69 patients had died,
of which 20 within 3 days and 39 within 1 month
(Table 1). The mortality rate in the urgent referred
group was 5.8% within 3 days, 10.7% within 1 month
and 16.1% within a year. By contrast, mortality in non-
urgently referred and non-referred patients was 0.9%
and 0.2% within 3 days, 1.4% and 0.8% within 1 month
and 3.7% and 1.6% within 1 year, respectively. A chi-
square for trend showed a significant trend over the
referral categories for mortality within the first 3 days,
within 1 month and within 1 year (P = 0.000 for each).
Standardized mortality ratios show that the excess
mortality peaks in the first 3 days period, with urgently
referred patients having a mortality of 151 times more
than the Belgian population, non-urgent 45.5 times more
and non-referred patients 13.6 times more (Table 2).
Mortality remains higher during the first month after
the incident (ratios of 27.6, 6.7 and 4.7, respectively)
but normalizes after 1 month for all referral groups.
From our results, it appeared that non-referred group
has a lower risk of death than the standardized Belgian
population 1 month after the incident.
Six patients were not urgently referred at the time
of the incident and died at home within 3 days. Their
GPs stated that the patient refused hospitalization
(five), signs and symptoms were unclear (two) and
situation changed very quickly (one). One of those
patients had severe chronic obstructive pulmonary dis-
ease and no specific cardiologic disease.
In the non-urgent referred group, patients who died
within 1 month were younger than those in the two
other groups (59 years compared to 81 years in the
non-referred group and 80 in the urgent referred group)
(Table 3). There was no difference with respect to gen-
der between the three groups. However, numbers were
small and differences statistically non-significant.
Discussion
Summary of the main findings
The mortality rates and standardized ratios varied
according to referral type (urgent referral > non-ur-
gent > no referral) and the time period (3 days > 1
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month > 1 year). They were very high within the first 3
days, especially for the urgently referred patients (ra-
tio 151; rate 5.8%).
After the first month, mortality rates normalize for
all referral types. In cases where a patient was not
referred urgently and died within 3 days, patients
refused urgent referral, presented with no or unclear
signs and symptoms and experienced a quickly chang-
ing medical situation.
Meaning of the results
Based on registration data of 2003, our results show
that mortality risk is very high in the first 3 days
period and high in the first month after an urgent re-
ferral for chest pain. This suggests that mortality
due to acute coronary syndrome remains high, even
in the invasive treatment period. More recent
changes of primary PCI could produce better out-
comes.
Mortality is much lower in the non-urgent and not
referred group, suggesting that GPs perform a risk
stratification in deciding who to refer and how. The
reasons for not urgently referring the patients who
died within 3 days are very familiar to all GPs, with
the most frequent reason being patient refusal.
After the first month, the ratios are similar or even
lower than the reference population. It could be that
the surviving patients are well treated and the mortality
after 1 month is no longer influenced by the condition
causing chest pain. Deceased patients within a month
TABLE 1 Mortality rates in chest pain patients by referral type
All patients N = 1554 Non-referral, N = 884 Non-urgent referral, N = 428 Urgent referral, N = 242
Within 3 days n = 20 n = 2 n = 4 n = 14
% (95% CI) 1.3 (0.8–2.0) 0.2 (0.0–0.9) 0.9 (0.3–2.5) 5.8 (3.2–9.5)
Age (SD) 74.7 (13.6) 79.5 (0.7) 57.5 (16.6) 78.9 (9.8)
Within 1 month n = 39 n = 7 n = 6 n = 26
% (95% CI) 2.5 (1.8–3.4) 0.8 (0.3–1.7) 1.4 (0.6–3.2) 10.7 (7.1–15.3)
Age (SD) 76.8 (11.6) 81.4 (5.7) 58.8 (13.3) 79.7 (8.3)
Within 1 year n = 69 n = 14 n = 16 n = 39
% (95% CI) 4.4 (3.5–5.6) 1.6 (0.9–2.7) 3.7 (2.2–6.1) 16.1 (11.7–21.4)
Age (SD) 76.9 (12.2) 75.0 (12.6) 70.0 (15.3) 80.3 (9.2)
2–12 months n = 30 n = 7 n = 10 n = 13
% (95% CI) 1.9 (1.3–2.5) 0.8 (0.3–1.7) 2.3 (1.4–3.2) 5.5 (4.6–6.1)
Age (SD) 76.9 (13.1) 68.6 (14.6) 76.7 (12.6) 81.54 (11.2)
TABLE 3 Age and gender of deceased patients
All patients Non-referral Non-urgent referral Urgent referral
Within 3 days
Age (SD) 74.7 (13.6) 79.5 (0.7) 57.5 (16.6) 78.9 (9.8)
Male % (95% CI) 60 (36.1–80.9) 50 (1.3–98.7) 50 (1.3–98.7) 64.3 (35.1–87.2)
Within 1 month
Age (SD) 76.8 (11.6) 81.4 (5.7) 58.8 (13.3) 79.7 (8.3)
Male % (95% CI) 59.0 (42.1–74.4) 42.9 (9.9–81.6) 50.0 (11.8–88.2) 65.4 (44.3–82.8)
Within 1 year
Age (SD) 76.9 (12.2) 75.0 (12.6) 70.0 (15.3) 80.3 (9.2)
Male % (95% CI) 60.9 (48.4–72.4) 64.3 (35.1–87.2) 56.3 (29.9–80.2) 61.5 (44.6–76.6)
2–12 months
Age (SD) 76.9 (13.1) 68.6 (14.6) 76.7 (12.6) 81.54 (11.2)
Male % (95% CI) 63.3 (43.9–80.1) 85.7 (42.1–99.6) 60.0 (26.2–87.8) 53.8 (25.1–80.8)
TABLE 2 Standardized mortality ratio in chest pain patients
All patients Non-referral Non-urgent referral Urgent referral
Within 3 days (95% CI) 61.0 (37.2–94.2) 13.6 (1.7–49.4) 45.5 (12.4–116.0) 151.0 (82.3–250.3)
Within 1 month (95% CI) 11.7 (8.3–16.0) 4.7 (1.9–9.7) 6.7 (2.5–14.6) 27.6 (18.0–40.4)
Within 1 year (95% CI) 1.7 (1.4–2.2) 0.8 (0.4–1.3) 1.5 (0.9–2.4) 3.5 (2.5–4.7)
2–12 months (95% CI) 0.8 (0.5–1.2) 0.4 (0.2–0.9) 1.0 (0.5–1.9) 1.3 (0.7–2.2)
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of the non-urgent referred group were younger (59
years) than in the other groups (80 and 81 years), but
the number of cases (six) is too low to draw any firm
conclusions.
Strengths and weaknesses of the study
There is no significant difference between the non-
urgent referred group versus the two other groups
(non-referred group or the urgent referred group) for
the 3 days period. There is a significant difference,
however, between the non-referred and the urgent
referred groups. Because of the relatively small num-
ber of events, the 95% CI, especially for the mortality
within 3 days, are very wide. So these results should
be interpreted with caution.
To our knowledge, this is the first study exploring
the relationship between referral decisions and mortal-
ity carried out in a general practice setting. The long-
standing experience of the Belgian network of sentinel
practices made it possible to include a large number of
patients. Receiving follow-up information on 86% of
the patients illustrates the enthusiasm and seriousness
of the sentinel network’s members.
However, information could not be retrieved from
7.8% of patients as a result of the GP’s individual ref-
erence system to his or her medical records. Most
missing patients were non-referred patients, who
were the youngest and healthiest, probably rarely
consulting the GP. This is also the reason why the
mortality ratios may have been slightly overestimated
because more information about the non-referred
patients (with the lowest mortality) is missing than
from the other groups. Assuming that there were no
deceased patients in the missing group, the 1-month
mortality rate will change from 0.8% to 0.6% for the
non-referred group, from 1.4% to 1.2% for the non-
urgent referred group and from 10.7% to 8.6% for
the urgent referred group. On the other hand,
assuming that all patients from the missing data
group died, the 1-month mortality rate will change to
25.9%, 17.9% and 27.2%, respectively.
We do not have a final diagnosis for the non-
referred patients, in whom acute coronary may be a
minor event and may even go undetected.23 But, since
this study was designed to evaluate mortality, it does
not affect our conclusions.
Previous studies
Comparison with other studies is difficult as most were
performed in a hospital setting including only acute
coronary patients or acute myocardial infarction pa-
tients, whereas we included an initially unselected
group of non-traumatic patients with chest pain.
In a systematic review of patients with angina re-
cruited within primary care, an annual mortality rate
of 2.8–6.6 was found, which is similar to our results
(4.4% in 1 year).24 In contrast in patients with an
acute coronary syndrome in Finland, the 10-month
mortality rate was 19% for patients with ST-elevation
myocardial infarction, 27% for patients without ST-el-
evation myocardial infarction and 12% for patients
with unstable angina, all of which are markedly higher
than the rates found in our study.25 To put our mortal-
ity rates more in context, we underpin that in another
part of our observational study, 122 (41%) of the 297
patients who were urgently referred had a final diag-
nosis of acute coronary syndrome.18
Future research
Our present study has yielded some hypotheses that
could be further investigated in future studies. The
marked trend in mortality between urgent referred,
non-urgent referred and non-referred groups suggests
that GPs stratify the risk for immediate mortality.
However, it is not always clear which threshold they
use to refer a patient with chest pain and what influen-
ces this threshold.
Moreover, the question as to their preference for ur-
gent or non-urgent referral is as yet unresolved. A
qualitative study could help to explore this. Secondly,
although the mortality in non-urgent referred and
non-referred patients was lower than that in the ur-
gent referred group, these patients do experience an
increased risk for immediate mortality compared to
the general population. A new study with registration
of all final diagnoses will allow further research on risk
factors for immediate mortality and incorporate these
in the referral decisions in the future.
Conclusions
Based on data from 2003, mortality in the first 3 days
period and the first month after consulting for chest
pain is very high. There is a marked trend in mortality
according to the referral type—urgent referred, non-
urgent referred and not referred—suggesting risk
stratification by the GP. After 1 month, mortality
normalizes for all groups, suggesting that the surviving
patients are well treated and the condition causing the
chest pain no longer influences survival compared to
the general population.
What is already known on this subject
In general practice, patients presenting with chest pain
have a 5% chance of having a coronary event. Patients
with acute coronary syndrome are at risk of mortality
and as such should be recognized and referred to
secondary care.
What this study adds
Mortality in the first 3 days period and first month after
consulting for chest pain is very high. After 1 month,
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mortality normalizes suggesting that the surviving pa-
tients are well treated and the condition causing the
chest pain no longer influences survival compared to
the general population.
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of the non-urgent referred group were younger (59
years) than in the other groups (80 and 81 years), but
the number of cases (six) is too low to draw any firm
conclusions.
Strengths and weaknesses of the study
There is no significant difference between the non-
urgent referred group versus the two other groups
(non-referred group or the urgent referred group) for
the 3 days period. There is a significant difference,
however, between the non-referred and the urgent
referred groups. Because of the relatively small num-
ber of events, the 95% CI, especially for the mortality
within 3 days, are very wide. So these results should
be interpreted with caution.
To our knowledge, this is the first study exploring
the relationship between referral decisions and mortal-
ity carried out in a general practice setting. The long-
standing experience of the Belgian network of sentinel
practices made it possible to include a large number of
patients. Receiving follow-up information on 86% of
the patients illustrates the enthusiasm and seriousness
of the sentinel network’s members.
However, information could not be retrieved from
7.8% of patients as a result of the GP’s individual ref-
erence system to his or her medical records. Most
missing patients were non-referred patients, who
were the youngest and healthiest, probably rarely
consulting the GP. This is also the reason why the
mortality ratios may have been slightly overestimated
because more information about the non-referred
patients (with the lowest mortality) is missing than
from the other groups. Assuming that there were no
deceased patients in the missing group, the 1-month
mortality rate will change from 0.8% to 0.6% for the
non-referred group, from 1.4% to 1.2% for the non-
urgent referred group and from 10.7% to 8.6% for
the urgent referred group. On the other hand,
assuming that all patients from the missing data
group died, the 1-month mortality rate will change to
25.9%, 17.9% and 27.2%, respectively.
We do not have a final diagnosis for the non-
referred patients, in whom acute coronary may be a
minor event and may even go undetected.23 But, since
this study was designed to evaluate mortality, it does
not affect our conclusions.
Previous studies
Comparison with other studies is difficult as most were
performed in a hospital setting including only acute
coronary patients or acute myocardial infarction pa-
tients, whereas we included an initially unselected
group of non-traumatic patients with chest pain.
In a systematic review of patients with angina re-
cruited within primary care, an annual mortality rate
of 2.8–6.6 was found, which is similar to our results
(4.4% in 1 year).24 In contrast in patients with an
acute coronary syndrome in Finland, the 10-month
mortality rate was 19% for patients with ST-elevation
myocardial infarction, 27% for patients without ST-el-
evation myocardial infarction and 12% for patients
with unstable angina, all of which are markedly higher
than the rates found in our study.25 To put our mortal-
ity rates more in context, we underpin that in another
part of our observational study, 122 (41%) of the 297
patients who were urgently referred had a final diag-
nosis of acute coronary syndrome.18
Future research
Our present study has yielded some hypotheses that
could be further investigated in future studies. The
marked trend in mortality between urgent referred,
non-urgent referred and non-referred groups suggests
that GPs stratify the risk for immediate mortality.
However, it is not always clear which threshold they
use to refer a patient with chest pain and what influen-
ces this threshold.
Moreover, the question as to their preference for ur-
gent or non-urgent referral is as yet unresolved. A
qualitative study could help to explore this. Secondly,
although the mortality in non-urgent referred and
non-referred patients was lower than that in the ur-
gent referred group, these patients do experience an
increased risk for immediate mortality compared to
the general population. A new study with registration
of all final diagnoses will allow further research on risk
factors for immediate mortality and incorporate these
in the referral decisions in the future.
Conclusions
Based on data from 2003, mortality in the first 3 days
period and the first month after consulting for chest
pain is very high. There is a marked trend in mortality
according to the referral type—urgent referred, non-
urgent referred and not referred—suggesting risk
stratification by the GP. After 1 month, mortality
normalizes for all groups, suggesting that the surviving
patients are well treated and the condition causing the
chest pain no longer influences survival compared to
the general population.
What is already known on this subject
In general practice, patients presenting with chest pain
have a 5% chance of having a coronary event. Patients
with acute coronary syndrome are at risk of mortality
and as such should be recognized and referred to
secondary care.
What this study adds
Mortality in the first 3 days period and first month after
consulting for chest pain is very high. After 1 month,
Family Practice—an international journal4
61
mortality normalizes suggesting that the surviving pa-
tients are well treated and the condition causing the
chest pain no longer influences survival compared to
the general population.
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Chapter 5
The transport type and referral rate
This article was published in the European Journal Emergency Medicine: 
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Half of the patients with chest pain that are urgently referred
are transported in unsafe conditions
Rudi Bruyninckxa, Ann Van den Bruela, Bert Aertgeertsa, Viviane Van Casterenb
and Frank Buntinxa,c
Background Patients with an acute coronary syndrome
should be referred to hospital urgently to start reperfusion
therapy as soon as possible. Owing to the risks of
ventricular fibrillation and pulseless ventricular tachycardia,
urgent transport should be organized under safe
conditions, that is, with a defibrillator at hand.
Aim To evaluate the type of transport of patients with
chest pain referred by their general practitioner (GP).
Design of study Observational study.
Setting A sentinel network of general practices in
Belgium, covering almost 1.6% of the total population.
Patients One thousand nine hundred and ninety-six
patients with chest pain attending their GP in 2003.
Method Descriptive analyses reporting proportions along
with their 95% confidence interval (CI).
Results Male patients were referred to hospital more often
than female patients: 44.9% (95% CI: 41.6–47.8) versus
36.5% (95% CI: 33.4–39.6). For patients who were referred
routinely, 92.7% (95% CI: 89.1–95.2) were transported by
family and neighbours, 4.8% (95% CI: 2.8–7.9) by
ambulance and 2.5% (95% CI: 1.2–5.1) by GPs. For patients
who were referred urgently, ambulances transported 56.9%
(95% CI: 51.1–62.7), family and neighbours 36.9% (95% CI:
31.4–42.7) and the GP 6.1% (95% CI: 3.7–9.5).
Conclusion Almost half of the patients with chest pain
who require urgent referral are transported in unsafe
conditions. European Journal of Emergency Medicine
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Williams & Wilkins.
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Background
Chest pain can be a sign of an ischaemic or nonischaemic
cardiac disease, gastro-oesophageal or pulmonary disease,
muscular–skeletal disorders or a panic attack [1–9]. For
acute myocardial infarction (AMI), urgent referral to
hospital is imperative because mortality decreases if
thrombolysis can be carried out quickly [10]. The national
infarct angioplasty project pilot sites report (UK) reveals
that 3.1% of patients with ST-segment elevation AMI who
were transferred by ambulance had ventricular tachycardia
or ventricular fibrillation requiring cardioversion [11]. The
most important life-saving device for these patients is to
get them to a defibrillator and start reperfusion therapy as
soon as possible [11].
In Belgium, patients can consult their general practi-
tioner (GP), go to the emergency department of a
hospital or call the 112 services. Ambulances of the 112
service are all equipped with an automatic defibrillator
and the paramedics are able to use it. The staff of the 112
helpline can also dispatch an emergency rescue team
(ERT). Little was known, however, of how GPs refer
patients with chest pain and which transport system is
used. The aim of this study was to acquire better insight
into the level of referral urgency and the type of transport
that is used.
Methods
Physicians
Participating physicians were recruited from an existing
Belgian network of sentinel practices, in which GPs have
been voluntarily and constantly registering epidemiologi-
cal data for the last 25 years.
This network is representative of all Belgian GPs with
respect to sex and age. It is spread equally over all regions
of the country. A detailed report of the method used to
estimate the denominator in patient-years has been
published previously [12]. During the registration period,
the network covered almost 1.6% of the Belgian
population or 169 420 inhabitants. Only those physicians
who had regularly recorded patients with chest pain for
0969-9546 c 2008 Wolters Kluwer Health | Lippincott Williams & Wilkins DOI: 10.1097/MEJ.0b013e328302c840
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26 or more weeks in the year 2003 participated in the
study (N=163). The data were recorded prospectively
on special forms. Follow-up information on the referred
patients was collected on another special form after 4
weeks by the GPs.
Patients
All patients with chest pain consulting their GP were
consecutively included in the study. Patients with chest
pain after trauma were excluded.
Management decisions
Action taken was recorded as ‘no referral’ (a), ‘specialist
advice’ (except radiology) (b), ‘non-urgent hospitalization’
(c) and ‘urgent hospitalization’ (d). Three categories were
used to analyse the data, ‘no referral’ (a), ‘non-urgent
referral’ (b and c) and ‘urgent referral’ (d).
Type of transport was classified as ‘transport by ambu-
lance with ‘ERT’ or ‘transport by ambulance without
ERT’, by ‘neighbours or family members of the patient’ or
by the ‘GP’.
Discharge diagnosis was recorded as ‘AMI’, ‘unstable
angina’ or ‘other’. Two categories were used to analyse the
data, ‘acute coronary syndrome’ (ACS=AMI+unstable
angina) and ‘other’.
Analyses
The type of transport for each referral type and ACS or
‘other diagnosis’ was bivariately reported as proportions
along with their 95% confidence interval (CI). Differences
in mortality rate, defined as death within 72h after
referral, were statistically tested by means of a w2 for trend.
The data were analysed with Epi Info, version 3.2.2 [13].
Results
General characteristics
In total, 2020 patients with nontraumatic chest pain
consulted their GP. Twenty-four patients were excluded
from the analyses because of sudden death at home
(N=14) or lack of information (N=10), leaving 1996
patients (Fig. 1). The mean age was 58.6 years (SD=18.1)
and 52% were males.
Nearly 40% of the patients with chest pain were referred
to the hospital (N=811) of which 37% (N=297) needed
urgent attention (Table 1).
Male patients were more often referred than female
patients, 44.9 versus 36.5% (P<0.001). Male patients
were also more often ‘urgently referred’ than female
patients, 17.7 versus 12.0% (P=0.004) (Fig. 1).
One hundred and twenty-seven of the 295 patients
who needed urgent referral were transported by family,
neighbours or GPs. ACS was diagnosed in 190 patients.
Of these, 68 needed non-urgent referral and 122 needed
urgent referral. Family and neighbours transported 81
patients with ACS and GPs transported 11 patients with
ACS. Ninety-two of 172 patients with ACS were
transported in suboptimal conditions.
The relation between referral type, transport and
death within 72h
For the patients who needed non-urgent referral, family
and neighbours organized 92% of the transport, ambu-
lance 5%, and GPs 3%. For patients requiring urgent
referral, ambulances transported about 57% of patients,
family and neighbours 37%, and the GPs 6% of the
patients. GPs transported patients who required urgent
referral (69.2%; 95% CI: 48.2–85.7) than those requiring
non-urgent referral (30.8%; 95% CI: 14.3–51.8).
Type of transport was missing for 199 patients not
requiring urgent referral. Most of them, 182, had a
discharge diagnosis other than ACS. In the group that
required urgent referral there were two misses. The
transport type was missing for 18 ACS patients.
The mortality within 72h of referred patients was 2.3%:
19 patients died.. Fifteen of them needed urgent referral.
A significant difference in mortality rate according to the
type of transport was observed: of the 73 patients who
were transported by ERT, eight (11.0%) died; of the 100
transported by ambulance, six (6.0%) died; of the 26
transported by the GP, one (3.8%) died, and of the 401
transported by neighbours or family, four (1%) died.
(w2 for trend: P<0.0001) (Table 1).
Fig. 1
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Discussion
Summary of main findings
Most patients consulting with chest pain are not referred
by their GP. Only 40% of these patients were referred.
Almost half of the urgent referrals were transported by
family, neighbours and the GP. GPs were even more likely
to transport their patients themselves in urgent cases
than in non-urgent cases.
Strengths and weaknesses of the study
This is one of the rare studies exploring referral decisions
actually taken in a general practice setting. The long-
standing experience of the Belgian network of sentinel
practices and their organization made it possible to
include a large number of patients. We also noticed that
the number of cases was fairly constant throughout the
year and that there was no dropout in the weekly number
of cases towards the end of registration. Despite the
participating GPs’ extensive experience in recording
morbidity, there may be some underrecording of non-
referred patients.
A possible bias is the large number of ‘missing’ in the
patients not requiring urgent referral. Several explana-
tions could be provided: these patients did not go to the
specialist, they did not return to the GP or the GP
neglected this part of the registration. Including the 18
patients with ACS without known transport type could
change the suboptimal transport from 53 to 51% (if all 18
were transported by ambulance) or to 61.1% (if no one
was transported by ambulance).
Previous studies
This study, which is one of the largest studies within a
general practice, confirms several results of other studies.
Bleeker et al. [14] found that 10% of patients with AMI
and first seen by a GP in Rotterdam (The Netherlands)
used their own transport and 2% were brought to the
hospital by the GP. Those are probably lower percentages
than those in this study because of differences in study
design: all Bleeker’s patients had a discharge diagnosis of
AMI and were probably more ill. Svenson et al. [15] found
that in Sweden the more sick patients have more severe
ischaemia and abnormal ECGs and call for an ambulance,
whereas less sick patients with nonpathologic ECGs
transport themselves.
Meaning of the study
About half of the urgent transport was carried out by
family, neighbours and GPs in a country where 50% of the
patients can be reached by ambulance within 8min and
90% within 12min of the call. Saving time may be an
important consideration: the GP may face a difficult
choice between driving a patient in a really bad condition
straight to the hospital, or waiting for the ERT with its
expertise and necessary equipment. For family members,
the cost of the ambulance may play a role. Although the
patients who were transported by family or neighbours
probably had the lowest risk of a life-threatening disease,
reflected in the low mortality rate (1.0%) and in no death
of patients transported by GP or family during transport,
transporting patients with suspected ACS without a
defibrillator at hand should be discouraged.
Future research
It is not always clear which threshold GPs use to refer a
patient with chest pain. Moreover, their preference for
one type of transport over another is as yet unresolved.
A qualitative study among GPs could help to explore this.
Conclusion
Almost half of the patients requiring urgent referral with
chest pain are transported in unsafe conditions.
What was already known
Patients with chest pain with more severe ischaemia and
abnormal ECG call for an ambulance, whereas less sick
patients with nonpathologic ECGs reach hospital by
Table 1 Referral type and transport (N=610, missing 201)
Nonurgent referral Urgent referral
N=315 N=295
Missing 199 Missing 2
Discharge diagnosis Other ACS Other ACS
N=264 N=51 N=174 N=121
Missing 182 Missing 17 Missing 1 Missing 1
Emergency rescue team N=73 N=0 N=0 N=32 (3+ ) N=41 (5+ )
18.4% (12.9–25.0) 33.9% (25.5–43.0)
Ambulance N=110 N=13, (1+ ) N=2 N=58 (2+ ) N=37 (3+ )
4.9% (2.6–8.3) 3.9% (0.5–13.5) 33.3% (26.4–40.9) 30.6% (22.5–39.6)
Family and neighbours N=401 N=246 (2+ ) N=46 (1+ ) N=74 N=35 (1+ )
93.2% (89.4–95.9) 90.2% (78.6–96.7) 42.5% (35.1–50.2) 28.9% (21.0–37.9)
GP N=26 N=5 N=3 N=10 (1+ ) N=8
1.9% (0.6–4.4) 5.9% (1.2–16.2) 5.7% (2.8–10.3) 6.6% (2.9–12.6)
( + ), died within 72 h (N=19).
ACS, acute coronary syndrome= acute myocardial infarction + unstable angina.
Other, all the other diagnoses.
GP, general practitioner.
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themselves. Transport of patients with an ACS should
take place under safe conditions, that is, with a defibri-
llator at hand.
What this study adds
Almost half of patients with chest pain, requiring urgent
referral to hospital, are transported by family, neighbours
or GPs. GPs are even more likely to transport their
patients themselves in urgent cases.
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Chapter 6
The distribution of diseases probabilities after multiple testing
and the effect of modifying (i.e. lowering) the threshold
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How many more patients will we treat by decreasing the threshold?
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Over the last 20 years, a substantial change in the epidemiology of acute myocardial 
syndrome (ACS) has occurred. Non-ST elevation myocardial infarction (NSTEMI) now 
constitutes the majority of acute myocardial infarctions (AMI) and the 30-days fatality rate of 
hospitalized AMI patients has improved markedly with a decrease of 56%.1  One of the reasons for 
the decrease is the decline in AMI severity, probably due to the contribution of prevention therapy 
and the use of aspirin and beta-blockers before admission.2 Another reason is the improvement of 
the management of patients with ACS, including pharmacological treatment (beta-blockers, 
statins, angiotensin-converting enzymes) with or without percutaneous coronary intervention 
(PCI). In STEMI patients in hospital, mortality decreased from 8.4% to 4.6% and in NSTEMI 
patients from 2.9% to 2.2 % (not significant) between 1999 and 2005.3 To maximize patient 
outcome it is important that GPs refer ACS patients urgently to start treatment as soon as 
possible.4,5,6 
In contrast to the 30-days mortality, the one-year mortality did not change, although the 
mortality related to cardiovascular diseases decreased from 62% to 50% in the period 87-91 
versus 2002-2006.1  In the study of Chan et al., where every patient underwent cardiac 
catheterization, one-year mortality was 9.5% for STEMI patients and 14.3% for NSTEMI.2 The 
higher mortality rate for NSTEMI than STEMI was also found in other studies.1,3,7 Reasons for 
 
the higher mortality were co-morbidity and probably insufficient prescription of guideline- 
recommended medications on discharge.7  It may be an important role for the GP during follow-up 
of those patients to make sure that they are treated in an appropriate manner. 
Acute myocardial infarction and acute coronary syndrome are studied very intensively; a 
search in Pubmed of ‘Myocardial Ischemia’ today (03.04.2010) produces 311,505 references, and 
in combination with ‘Diagnosis’ there are still 190,096 references. But of those 190,096 
references, only 1,369 remain in combination with ‘Primary Health Care’ or ‘Physicians, Family’. 
Less than 0.7 % of all AMI or ACS diagnostic studies were done in primary health care or in a 
general practice setting. 
In order to support the continuous improvement of general practice, we tried to increase 
the knowledge about GPs’ treatment decisions in relation to patients presenting with chest 
94
pain. We investigated this domain with a variety of designs: a diagnostic systematic review, a 
qualitative study to detect some of the criteria a GP uses when dealing with chest pain patients, an 
observational study to confirm some of the results of this qualitative study, and finally a 
simulation model to study the influence of changing the treatment threshold on the number of 
treated patients. In this chapter, we will discuss the main results of these studies, as well as their 
limitations and the proposal of a research agenda for issues that were not covered. 
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1. Dealing with chest pain within general practice 
 
 
 
 
Accuracy of typical signs and symptoms 
 
We conducted a diagnostic meta-analysis to determinate the accuracy of ten important 
signs and symptoms in referred and non-referred patients. Based on our inclusion criteria, we 
selected 28 studies. We were as strict as possible with respect to the completeness and rigour of 
the follow-up in the selected studies. 
16 out of the 28 selected studies included non-selected patients. In this group absence of 
chest wall tenderness on palpation had a pooled sensitivity of 92% (95% CI: 86 to 96) for acute 
myocardial infarction and 94% (95% CI: 91 to 96) for acute coronary syndrome. Oppressive pain 
followed with a pooled sensitivity of 60% (95% CI: 55 to 66) for acute myocardial infarction. 
Sweating had the highest pooled positive LR, namely 2.92 (95% CI: 1.97 to 4.23) for acute 
myocardial infarction. The other pooled positive LRs fluctuated between 1.05 and 1.49. Negative 
LRs varied between 0.98 and 0.23. Absence of chest wall tenderness on palpation had a negative 
LR of 0.23 (95% CI: 0.18 to 0.29). 
Based on this meta-analysis, we were not able to define an important role for most 
individual signs and symptoms in the diagnosis of acute myocardial infarction or acute coronary 
syndrome. Only chest wall tenderness on palpation largely ruled out acute myocardial infarction 
or acute coronary syndrome in low prevalence settings. After the publication of this meta-analysis 
one additional study was published and we are aware of two more which have not yet been 
published.8 All three studies largely confirm our results. 
Only two studies were performed in a general practice setting, so we decided to look for 
 
‘primary care’ studies, defined as settings in which patients were seen who were not referred by 
other medical practitioners. 
Most of the pooled results were heterogeneous, due to different settings, inclusion criteria 
 
and reference standards. The non-homogeneous pooled results in particular must be interpreted 
very carefully. 
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Some studies suggested a difference in the diagnostic accuracy of signs and symptoms 
according to age9,10 or gender,11 but the number of available studies was insufficient to perform 
subgroup analysis. 
Although the combination of signs and symptoms, their context, the severity and the 
progression from the start influenced the interpretation, it was impossible to study this because 
there were (almost) no included studies which studied the diagnostic accuracy of combinations of 
signs and symptoms. Only three of the selected studies combined different signs and symptoms, 
i.e. Short12 (previous or not-previous history of acute coronary syndrome and studied signs and 
symptoms), Lee13 (sharp or stabbing pain and pain pleuretic, positional or reproduced by palpation 
 
and no prior acute coronary syndrome) and Hartgarten14 (radiating pain and sweating; difficult 
breathing and nausea/vomiting). ’ In Lee’s study, the combination of three variables – sharp or 
stabbing pain, no history of angina or myocardial infarction, and pain that was reproduced by 
chest-wall palpation or that had a pleuretic or positional component – identified the lowest-risk 
group. Of 48 such cases, not one patient had a diagnosis of myocardial infarction, unstable angina, 
or stable angina. Other variables, including age, sex and risk factors for coronary artery disease, 
did not contribute further to the identification of a low-risk group. 
 
 
 
Research agenda 
 
Studies on chest pain with or without additional signs and symptoms in a primary care 
setting are necessary to improve diagnosis in a setting with only 5% of all chest pain patients 
having a serious cardiac disorder.15 Individual patient data (IPD) of different studies can be 
combined to obtain better results. Such a study is currently being prepared within an international 
collaboration. 
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Referring or not referring patients 
 
In qualitative studies, the goal is not to recruit a representative sample of participants to 
quantify opinions, but rather to elicit all possible opinions and views on a specific subject. In a 
semi-structured interview, 21 GPs were asked to describe why they did or did not refer a patient 
presenting with chest pain. Interviews were taped, transcribed and qualitatively analysed. 
Histories of 21 patients were studied. Six were not referred, seven were referred to a 
cardiologist and eight to the emergency department. In our data, saturation was reached, which 
probably suggests that the most important criteria were identified. All the interviews were 
conducted with highly motivated GPs and they responded honestly and voluntarily to the 
interviewer. The latter was illustrated by the ten GPs explaining cases where they possibly made 
an error. The interviews were taken within a couple of days after the GP had seen the patient with 
chest pain, to prevent the GPs reinterpreting their diagnostic reasoning in the light of information 
from a cardiologist or based on the evolution of the patient’s condition. 
This study suggests that the background knowledge on the patient, the patient’s current 
clinical presentation and the GP’s personal opinions are used by GPs when deciding on whether or 
not to refer a patient with chest pain to secondary care. It is striking that background knowledge 
on the patient – coronary risk factors, differences in behaviour, playing down the seriousness – 
was considered to be an important factor in the decision-making process. For those factors, 
knowing the patient is essential. The current clinical presentation with the results of the physical 
examination in particular is used to rule in diseases other than acute coronary syndrome which 
need no referral. An ECG was used to confirm the presence of an acute coronary syndrome and 
refer the patient. A normal ECG was a reason for not referring, but only in combination with long 
duration of the pain and in absence of risk factors. Additionally, the GP’s gut feeling is sometimes 
more important than the presence of individual signs and symptoms. The GP’s personal ideas – 
the patient’s age, perception of a negative attitude from the medical rescue team, recent patient 
contact with a cardiologist, past errors – were additional factors in the decision-making process. 
Sometimes, uncertainty about the diagnosis caused an unnecessary referral. Referring older 
people had a higher threshold than referring younger people. 
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The recruitment of GPs who were willing to participate in the interviews was a difficult 
process. The prospect of being judged and facing possible criticism may have been a reason for 
non-collaboration. Loss of time – without financial compensation – could be another reason. More 
reminders may have been helpful. Although e-mail is an easy way to recruit GPs, the response 
proved to be limited. 
Compared to the general population of GPs in Flanders, the participating GPs were similar 
in age and practice organization – single-handed or group practice – but not in gender: female GPs 
are underrepresented in our sample. Our data did not reveal any difference in reasoning between 
the three females or the three trainees, and the male group of experienced participants. Of course, 
gender bias is always possible. In addition, we have to take into consideration the difference 
between reported behaviour and actual performance.16,17 
 
 
 
Research agenda 
 
The new reasons for referral mentioned in our study, namely differences in patient 
behaviour, gut feeling, the perception of a negative attitude from the medical rescue team, should 
now be further evaluated for their effect in a subsequent quantitative study, in a synthesis of 
qualitative studies or both. 
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2. Patients with chest pain within general practice: an observational study 
 
 
 
 
Certainty of initial diagnosis and referral rate 
 
1996 patients were included (male 52%). A majority of patients consulting with chest pain 
are not referred by their GP. However, 40% of the patients were suspected of having a serious 
disease and had to be referred. 
Men were referred more often (OR=1.44; 95% CI: 1.13 to 1.82). Age showed no 
relationship to referral (OR=1.06; 95% CI: 0.83 to 1.35) but predicts urgent referral (OR=1.46; 
95% CI: 1.02 to 2.08). Not maleness or age alone, but probably the increased risk of serious heart 
disease in men versus women and in older versus younger age groups are the reasons for this 
higher urgently referral rate. Also, the higher number of initial diagnoses of ‘somatoform 
disorder’, which seldom results in referral, may be a reason for the low number of urgent referrals 
in women. 
Patients suspected of having serious heart disease are referred in 85% of cases. Odds ratios 
for referral were high with 11.58 (95% CI: 5.72 to 23.44) when the GP was certain of his 
diagnosis and 2.96 (95% CI: 1.59 to 5.51) if not, versus patients not suspected of having serious 
heart disease. If the GP was uncertain, in all disease categories 54% (95% CI: 48 to 59) of the 
patients were referred non-urgently. The high rate of referrals in case of uncertainty in all initial 
diagnostic categories could be explained by the fear of missing a serious diagnosis. 
Fifty-seven patients in whom the GP was certain of his initial diagnosis of ‘serious heart 
disease’ were not referred. We found this strange as we would have expected almost all of these 
patients to be referred for further work-up. To explore this phenomenon, we conducted a phone 
survey of the GPs including 23 randomly selected patients. It revealed 12 patients with known 
heart disease and numerous past referrals for which the situation did not really represent an 
aggravation. For six patients, the hypothesis of serious heart disease could be ruled out after 
careful physical examination and history taking. One patient refused referral and no information 
was retained about four patients. Apart from the latter four, none of these situations really required 
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a referral. Such findings are specific for general practice and important when discussing referral 
rates. 
 
 
 
Research agenda 
 
An observational study on the reasons for the certainty or uncertainty of the working 
diagnosis would be very interesting. Certainty of a working diagnosis and certainly uncertainty 
are influenced by gut feeling. A follow-up study to find out the final diagnosis would give us more 
information on the value of gut feeling. 
 
 
 
Mortality and referral rate 
 
1558 patients were included. We standardised our group according to age and gender of 
the Belgian population of 1999. Three-day standardized mortality ratio was 151.0 (95% CI: 82.3 
to 250.3) for urgently referred patients, 45.5 (95% CI: 12.4 to116.0) for non-urgently and 13.6 
(95% CI: 1.7 to 49.4) for non-referred patients. The one-month standardized ratios were 
respectively 27.6 (95% CI: 18.0 to 40.4), 6.7 (95% CI: 2.5 to 14.6) and 4.7 (95% CI: 1.9 to 9.7). 
The standardized ratios of two to twelve months were normal for the urgent referral group (1.3; 
95% CI: 0.7 to 2.2) and for the non-urgent referral group (1.0; 95% CI: 0.5 to 1.9) and even less in 
the non-referred group (0.4; 95% CI: 0.2 to 0.9). 
Mortality in the first three days and first month after consulting for chest pain is very high. 
There is a marked trend in mortality according to the referral type – urgently referred, non- 
urgently referred and not referred – suggesting effective risk stratification by the general 
practitioner. After one month, mortality normalises for all groups, suggesting that the surviving 
patients are well-treated and the condition causing the chest pain no longer influences survival 
compared to the general population. Because of the relatively small number of events, the 95% 
CI, especially for the mortality within three days, is very wide. So these results should be 
interpreted with caution. In the six cases where a patient was not referred urgently and died within 
three days, the patients refused urgent referral, presented with unclear signs and symptoms or 
experienced a quickly changing medical situation. It is possible that GPs are reluctant to urgently 
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refer patients with low disease probability.  We received follow-up information on 86% of the 
patients. However, information could not be retrieved from 7.8% of patients because the GPs 
could not identify their patients, based on the identification code they supplied to the research 
group. Most missing patients were non-referred patients, who were the youngest and healthiest, 
probably rarely consulting the GP. This is also the reason why the mortality ratios may have been 
slightly overestimated, because more information about the non-referred patients (with the lowest 
mortality) is missing than from the other groups. Assuming that there were no deceased patients in 
the missing group, the one-month mortality rate would change from 0.8 to 0.6% for the non- 
referred patients group, from 1.4 to 1.2% for the non-urgent referred group and from 10.7 to 8.6% 
for the urgently referred group. On the other hand, assuming that all patients from the missing 
data group died, the one-month mortality rate would change to 25.9%, 17.9% and 27.2% 
 
respectively. 
 
We do not have a final diagnosis for the non-referred patients, in whom acute coronary 
may be a minor event and may even go undetected.23 But, since this study was designed to 
evaluate mortality, it does not affect our conclusions. 
 
 
 
Research agenda 
 
Our present study has yielded some hypotheses that could be further investigated in future 
studies. The marked trend in mortality between urgently referred, non-urgently referred and non- 
referred patients suggests that GPs adequately stratify the risk for immediate mortality. However, 
it is not always clear which threshold they use to refer a patient with chest pain, and what 
influences this threshold. 
Moreover, the question as to their preference for urgent or non-urgent referral is as yet 
unresolved. Secondly, although the mortality in non-urgently referred and non-referred patients 
was lower than that in the urgently referred category, these patients do experience an increased 
risk for immediate mortality compared to the general population. A new study with registration of 
all final diagnoses would allow further research on risk factors for immediate mortality and could 
be incorporated in referral decisions in the future. 
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Transport and referral rate 
 
1996 patients were included. For non-urgently referred patients, 92.7% (95% CI: 89.1 to 
 
95.2) were transported by family and neighbours, 4.8% (95% CI: 2.8 to 7.9) by ambulance and 
 
2.5% (95% CI: 1.2 to 5.1) by GPs themselves. For urgently referred patients, ambulances 
transported 56.9% (95% CI: 51.1 to 62.7), family and neighbours 36.9% (95% CI: 31.4 to 42.7) 
and the GP 6.1% (95% CI: 3.7 to 9.5). 
There was a significant difference in mortality rate according to the type of transport: of 
the 73 patients who were transported by ERT, 8 (11.0%) died within a period of three days; of the 
100 transported by ambulance, 6 (6.0%) died; of the 26 transported by the GP, 1 (3.8%), died; and 
of the 401 transported by neighbours or family, 4 (1%) died. 
Almost half of the urgently referred patients with chest pain are transported in unsafe 
conditions. 
A possible bias is the large number of ‘missings’ in the non-urgently referred patients. 
There are several explanations for this: these patients did not go to the specialist, they did not 
return to the GP, or the GP neglected this part of the registration. Including the 18 patients with 
ACS without known transport type could change the suboptimal transport from 53% to 51% (if all 
18 were transported by ambulance) or to 61.1% (if no one was transported by ambulance). 
 
 
 
 
Research agenda 
 
In our qualitative study we found that the perception of a negative attitude from the 
medical rescue team was a factor for not urgent referring. More investigation of this may be very 
interesting. Survey among GPs after they have called an ambulance is a possibility. Interviews 
with physicians of the medical rescue teams may be useful too. 
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3. Treatment thresholds 
 
The distribution of disease probabilities after multiple testing and the effect of modifying  
 
(i.e. lowering) the treatment threshold on the proportions of treated patients 
 
 
 
 
Lowering the threshold from 95% to 50% and 5% in simulations with a prevalence of 
 
50%, 10% and 1% after tests with high accuracy has nearly no influence on the number of patients 
treated because the diseased and non-diseased patients groups are nearly perfectly separated. 
In real situations, using tests with lower accuracy, lowering the threshold will increase the 
number of treated patients substantially. More diseased patients are treated than non-diseased 
down to a threshold of 5% and prevalence of 10%. Under these values it is the opposite, but 
nearly all diseased patients are treated. 
Physicians fear applying low thresholds, they correctly estimate based on utility theory, 
because they intuitively see post test probability distributions as Gaussian (Van den Ende J, 
Bruyninckx R. By lowering the threshold, we'll treat them all. International workshop on clinical 
reasoning. King's College, London. 2010). This study might help convincing clinicians that for a 
wide range of prevalences and test accuracies, bringing the threshold down is entirely justified. 
Three studies on tuberculosis in developing countries proved that by lowering the 
treatment threshold the number of treated patients did not increase linearly and that many more 
diseased patients were treated.18,19,20 
A simulation is not the real life situation. First, we supposed all tests to perform 
 
independently of each other. In real life, some tests will interact with each other to a certain 
extent. Second, for convenience, we did not apply different accuracies to consecutive tests. 
Otherwise, we would have a multitude of final post-test probabilities, with insufficient numbers 
per category for representation as a distribution. Third, we did order all ten tests for all patients, 
which is not realistic. If the disease probability plummets under a certain threshold, no more tests 
are ordered, and vice versa for a high post test probability.21 
It was not our intention to determine the threshold according to the principles of Pauker 
 
and Kassirer, based on the result of the benefit and risk/cost for the diseased patients and the 
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disutility for the non-diseased patients, but to study the influence of different hypothetical 
thresholds on the number of treated and untreated patients.21,22 
 
 
 
Research agenda 
 
The effect of using different treatment thresholds on the number of diseased and non- 
diseased patients treated should be applied to other existing datasets with other diseases than 
tuberculosis, different prevalences and different settings, including primary, secondary and tertiary 
care. 
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Final conclusion 
 
 
 
 
It was not possible to define an important role for individual signs and symptoms in the 
diagnosis of acute coronary syndrome. In reality GPs use combinations of signs and symptoms to 
refer patients consulting with chest pain. In our observational study we found that presence or 
absence of certitude is an important factor in the decision whether to refer or not. The mortality 
rate study suggests that the quality of the GPs referral is good, but it is possible that GPs are 
reluctant to urgently refer patients with low disease probability. This could be confirmed by not 
transporting half of the urgently referred patients by ambulance. We hope that our exercise on 
thresholds might help clinicians to understand that bringing down the threshold for urgently 
referring is entirely justified. 
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